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PREFACE. 


— — 

This  handybook  is  intended  to  afford  some  information  on 
pattern  making,  and  also  some  insight  of  the  processes  to 
which  the  patterns  are  to  be  subsequently  subjected,  as  a 
knowledge  of  these  is  essential  to  enable  a  pattern  maker  to 
labour  to  the  best  advantage. 

The  hterature  of  this  subject  is  but  scanty ;  the  cause  may 
be  that  this  intricate  art  is  one  that  cannot  be  conveniently 
brought  under  well-defined  rules.  Almost  every  fresh  pattern 
that  is  made  requires  some  amount  of  independent  thought 
from  the  artificer.  This  handybook  is  intended  to  be  espe- 
cially useful  to  the  beginner.  The  general  information  it 
contains,  and  the  glossary  of  terms,  may  make  it  handy  even 
to  practised  hands  of  wide  experience. 
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^^HE  patterns  on  which  this  handbook  treats  are  those 
l^^t  ^sed  for  forming  the  moulds  in  which  metal  castings 
are  made.  Any  mechanic  may  find  it  necessary  to  make 
a  pattern,  some  time  or  other,  to  replace  a  broken  casting 
or  to  carry  out  his  own  ideas  when  pattern  makers  are  not 
get-at-able  for  odd  jobs  in  busy  times. 

Pattern  making  is  of  endless  variety.  In  this  business  a  piece 
of  work  may  be  turned  out  to-day,  the  like  of  which  was  never 
before  seen  nor  imagined,  and  which  may  never  be  required 
again.  It  is  an  art  which  takes  in  all  manner  of  shapes  and 
sizes.  A  good  pattern  maker  is  always  learning,  and  he  must 
think  for  himself  to  supply  the  demands  that  are  constantly 
being  made  upon  his  ingenuity  by  new  forms  and  fresh  devices. 
To  take  any  pattern,  and  explain  its  construction  would  be  of 
little  advantage,  because  of  the  dissimilitude  of  forms  which 
have  to  be  dealt  with.  However,  there  are  certain  operations 
or  processes,  not  very  numerous,  which  the  pattern  maker 
has  at  command,  adapted  to  the  peculiarities  of  the  material 
in  which  he  works.  All  patterns  are  alike  in  that  they  are  the 
result  of  these  processes  :  and,  however  diversified  their  forms, 
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they  are  with  rare  exceptions,  but  different  combinations  of 
straight  lines  and  circles. 

Patterns  are  mostly  made  of  wood,  although  brass  and  iron 
are  also  common,  especially  when  large  numbers  are  required. 
A  pattern  nearly  always  represents  the  appearance  and  dimen- 
sions of  the  casting  as  far  as  its  external  surface  is  concerned. 
This  is  also  frequently  true  of  its  internal  surface,  but  not 
invariably  so,  dry-sand  cores  made  apart  from  the  pattern  being 
often  introduced  to  form  the  cavities  and  internal  spaces  re- 
quired. Patterns  are  sometimes  made  in  two  or  more  pieces 
fastened  together  by  pins  or  dowels,  the  object  being  to  facili- 
tate their  removal  from  the  sand. 

For  the  larger  and  heavier  class  of  metal  patterns,  cast-iron 
is  used  as  they  are  not  often  fitted  up  with  gates  in  a  board 
or  spray.  It  is  difficult  to  join  iron  patterns  to  gates,  as  they 
will  not  easily  solder,  and  therefore  require  to  be  lapped  and 
riveted  together.  A  white  metal  consisting  of  two  parts 
lead  and  one  of  tin  is  very  generally  used  and  is  very 
easy  to  work.  For  brassfounders  a  mixture  of  copper  and  tin 
is  considered  the  best. 

When  making  patterns  for  the  foundry  it  is  necessary  to 
bear  in  mind  the  process  of  moulding,  otherwise  it  is  very 
probable  that  patterns  will  be  turned  out  which  cannot  be 
manipulated  in  the  sand.  In  the  second  chapter  will  be  found 
a  brief  sketch  of  the  process  of  moulding.  The  tyro  should 
follow  directions  as  nearly  as  possible,  and  so  reduce  the 
possibilities  of  error  to  a  minimum.  Castings  shrink  on 
cooling,  so  that  patterns  ought  to  be  made  slightly  larger  than 
the  rough  casting  is  wanted  to  be  ;  but  in  small  work  the 
shrinkage  is  practically  inappreciable.  The  size  and  shape  of 
a  small  casting  is  far  more  likely  to  be  altered  and  distorted 
by  being  knocked  about  in  the  mould,  when  loosening  it  from 
the  sand. 
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All  those  parts  which  in  the  casting  have  to  be  smoothed  up 
by  turning  or  filing  must  be  left  stout  enough  to  bear  the  reduc- 
tion, and  this  must  be  specially  adhered  to  when  making 
patterns  of  thin  things  which  require  smoothing  on  both  sides. 
The  cost  price  of  a  little  extra  metal  is  nothing  compared  with 
the  absolute  necessity  of  having  a  sound  casting  ;  and  it  is  a 
pity  that  this  fact  is  often  forgotten.  The  thirty-second  part  of 
an  inch  makes  all  the  difference  between  useful  and  useless 
castings  of  small  model  engines,  if  the  thickness  is  increased  or 
diminished  by  that  small  amount.  It  is  very  easy  to  remove 
a  surplus  thirty-second  or  sixty-fourth  of  an  inch  of  metal  from 
the  casting,  should  it  be  requisite. 

All  patterns  should  have  a  little  clearance  to  facilitate  their 
removal  from  the  sand.  In  order  to  effect  this,  see  that  the 
angles  are  all  a  trifle  obtuse;  on  no  account  may  they  be 
under-cut.  After  being  turned,  patterns  are  all  the  better  for 
being  smoothed  over  with  fine  glass-paper,  and  afterwards 
varnished  with  shellac  varnish,  or  brown  hard  varnish,  into 
which  a  little  colouring  pigment  has  been  put,  to  give  them  a 
workmanlike  appearance; 

Any  hard  wood  will  do  for  making  patterns,  which  must  be 
smoothly  finished  and  varnished,  so  as  to  insure  good  castings. 
Rough  patterns  destroy  the  moulds,  and  useless  castings 
generally  result ;  an  extra  half-hour  judiciously  spent  in  per- 
fecting the  patterns  will  often  save  half  a  day's  extra  work  in 
fitting  up  the  castings. 

Wood  for  patterns  is  best  when  suitably  seasoned,  and  time  is 
the  best  seasoner ;  so  use  that  which  is  aged.  Nearly  all  kinds 
•of  wood  are  used  in  making  patterns.  Large,  long  and  flat  pat- 
terns are  constructed  of  white  or  yellow  pine,  on  account  of  its 
lightness,  cheapness  and  freedom  from  warping  and  splitting 
but  it  has  the  disadvantage  of  being  soft,  and  so  liable  to  receive 
injury  when  made  up.    Choice  Canadian  red  pine  is  harder. 
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but  should  be  selected  as  free  from  knots  and  turpentine  as 
possible.  Still  harder  is  white  American  fir,  or  spruce,  which 
is  very  suitable  for  large  patterns.  Teak  is  light,  strong  and 
durable,  also  easily  worked,  but  it  wears  the  tools  a  little,  and 
is  somewhat  liable  to  split.  Any  part  of  a  pattern  which  has 
to  be  turned  may  be  made  of  beech ;  which  has  an  uniform 
grain.    Plenty  of  elm,  oak,  maple  and  sycamore  is  also  used. 

In  choosing  material  for  a  pattern  we  must  consider  its 
quality  to  keep  its  shape  when  formed ;  its  strength  to  with- 
stand the  strains  of  rapping,  and  the  general  usage  of  a 
foundry  and  its  ease  of  manipulation  and  its  cheapness. 

Deal  and  pine  are  generally  chosen  as  filling  these  condi- 
tions the  best  for  general  work ;  but  where  extra  strength  is 
required,  owing  to  the  delicacy  of  the  pattern,  or  the  great 
number  of  castings  required  of  it,  either  mahogany  or  cherry 
is  chosen. 

In  small  standard  patterns,  iron  or  brass  is  used,  first  making 
a  pattern  of  pine.  Small,  stiff  patterns  are  best  made  of  brass, 
and  also  their  gates,  because  the  surface  keeps  smoother  than 
that  of  iron,  and  the  joints  are  easily  soldered. 

In  selecting  wood  for  patterns  it  requires  to  be  straight- 
grained,  well-seasoned  and  free  from  knots  or  shakes. 
Choose  the  soft,  yellow,  close-grained  and  light  wood,  slightly 
resinous,  rather  than  the  dry,  hard,  nut-brown  fibre,  with  the 
grain  strongly  defined.  The  former  withstapds  the  action  of 
the  temperature  and  moisture  of  the  atmosphere  better  than 
the  latter,  and  so  is  less  liable  to  warp  or  change  its  out- 
line. 

Yellow  pine  is  particularly  suitable  for  pattern  making, 
it  is  a  North  American  tree,  and  grows  in  immense  numbers  in 
the  region  from  Virginia  to  Canada.  In  the  valleys  and  near 
the  banks  of  rivers,  where  the  soil  is  rich  and  soft,  the  tree 
reaches  its  grandest  proportions,  growing  often  to  a  height  of 
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from  170  feet  to  180  feet,  and  from  4  feet  to  5  feet  diameter 
at  the  base.  The  trunk  of  this  tree  tapers  but  slightly, 
and  is  entirely  free  from  limbs  or  branches  for  over  two-thirds 
of  its  length. 

Though  we  call  this  wood  American  yellow  pine,  it  is  called 
by  the  Americans  themselves  white  pine,  not  ^o  much  from 
the  colour  of  the  wood  as  the  colour  of  the  bark.  It  is  known 
also  amongst  us  as  Weymouth  pine,  from  the  fact  of  Lord 
Weymouth  having,  in  the  last  century,  planted  large  numbers 
of  these  trees  in  Wiltshire.  The  utility  of  the  wood  in  the 
hands  of  the  pattern  maker  is  that  which  concerns  us  most. 
This  pine  was  introduced  into  this  country  as  an  article  of 

■  commerce  early  in  the  present  century,  and  has  now  taken  the 
place  of  Baltic  timber,  once  used  for  the  same  purposes.  An 
examination  of  the  interior  of  pieces  of  furniture  made  pre- 
viously to  the  above  date  will  show  the  wood  to  be  what  is 
now  called  white  or  red  pine,  a  wood  full  of  resin  and  small 
hard  knots.    A  large  proportion  of  the  wood  of  that  period  is 

■  called  Memel,  being  shipped  from  a  port  in  the  Baltic  of  that 
■name.  It  is  to  be  noted  that  almost  all  woods  imported  into 
this  country,  whether  American  or  European,  are  known  by 
the  ports  from  which  they  are  shipped.  How  different,  and 
how  much  more  pleasant  is  the  task  of  the  modern  wood 
worker  with  the  clean,  straight,  soft,  easily-wrought  yellow  pine, 
to  that  of  the  workmen  of  sixty  or  seventy  years  ago,  who  had 
to  contend  against  a  hard,  reedy,  knotty,  resinous  wood,  in 
narrow  widths  that  required  numerous  joinings,  and  was  ever 
twisting  and  shrinking.  The  house  joiner  was  no  better  off, 
as  may  be  seen  by  examining  an  old  house,  where  the  floors 
and  finishing  are  of  the  red  pine,  or  Memel,  in  narrow  widths 
and  having  innumerable  knots.  Our  principal  supply  of  yellow 
pine  has  for  a  number  of  years  been  from  St.  John,  New 
Brunswick,  though  much  valuable  timber  is  shipped  from  other 
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ports.  Some  is  shipped  in  the  form  of  squared  logs,  and  is 
cut  up  into  boards  after  reaching  this  country.  Very  much 
yellow  pine  is  now  imported  in  the  form  of  deals,  these  being 
sawn,  before  embarkation,  into  deals  or  planks  of  from  seven 
inches  to  twenty-four  inches  broad  and  three  inches  thick,  and 
usually  from  twelve  feet  to  twenty  feet  long.  The  quality  of  the 
timber  is  more  easily  discernible,  and  they  are  picked  and 
classed  as  firsts,  seconds,  thirds,  etc.  They  are  sawn  at  the 
mills  into  boards  of  the  various  thicknesses,  to  suit  the  require- 
ments of  trade,  from  one-eighth  of  an  inch  upwards. 

Experiments  show  that  felled  wood  when  green  contains 
about  45  per  cent  of  its  weight  in  moisture.  Timber  felled  in 
winter  holds  at  the  end  of  the  following  summer  more  than 
40  per  cent  of  water.  Wood  kept  for  several  years  in  a  dry 
place,  retains  from  15  to  20  per  cent  of  water.  Wood  that  has 
been  thoroughly  kiln-dried  will,  when  exposed  to  the  air^ 
under  ordinary  circumstances,  absorb  five  per  cent,  of  water 
in  the  first  three  days,  and  will  continue  to  absorb  until  it 
reaches  from  14  to  15  per  cent.,  the  amount  fluctuating  above 
or  below  this  according  to  the  state  of  the  atmosphere.  It 
will  be  evident  from  the  above  statements  that  wood,  how- 
ever dry,  is  still  subject  to  change,  and  that  even  if  kiln- 
dried,  it  requires  to  be  stacked  in  a  dry  place  until  it  settles 
to  the  natural  conditions  of  seasoned  wood. 

To  season  timber  for  pattern  work,  it  should  be  stacked 
where  it  will  receive  a  free  circulation  of  air,  and  have  an  ex- 
temporised roof  to  protect  it  from  the  sun  and  rain.  Four  years 
are  requisite  to  season  wood  sufficiently  to  be  fit  for  general 
pattern  work.  A  careful  pattern  maker  will  generally  have 
for  special  and  particular  work  a  store  of  wood,  twenty  to 
thirty  years  old,  in  good  preservation,  and  which  had  perhaps 
been  previously  used  in  an  old  pattern  or  building. 

Straight-grained  pine  will  not  shrink  end-wise  perceptibly. 
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but  across  the  grain  it  is  always  liable,  however  dry,  to  swell 
and  to  shrink  according  to  the  humidity  of  the  atmosphere. 
For  this  reason  wood  should  not  be  glued  together  with  the 
grain  of  one  piece  crossways  to  the  other.  The  sap  wood, 
or  outer  part  of  the  tree,  will  shrink  more  than  the  heart, 
hence  a  whole  tree  will  always  split  in  drying.  From  this  it  is 
evident  that  particular  attention  is  necessary  to  the  choice 
of  boards  for  certain  work,  and  in  gluing  together,  so  that 
strains  be  equalised,  and  so  tend  to  keep  the  structure  in 
better  shape.  In  gluing  up  a  solid  block,  for  instance,  by 
placing  the  boards  with  the  heart  side  of  the  wood  on  the 
outside,  the  pores  on  the  sap  side  are  by  this  means  protected 
and  the  tendency  of  the  exposed  joint  is  to  keep  closed,  thus 
counteracting  the  strains. 

There  is  another  difficulty  in  this  condition  of  contraction, 
which  relates  to  the  curving  of  the  wood  lengthwise.  When 
the  grain  is  not  perfectly  straight — that  is,  if  the  tree  is  crooked, 
and  a  straight  board  is  sawn  from  it — one  part  of  the  board 
will  have  more  heart  wood  than  the  other.  The  sap  part  will 
contract  more  than  the  heart,  and,  as  a  result  draw  the  board 
crooked  lengthwise.  This  curly  and  cross-grained  board  is 
the  wood  we  hear  of  that  contracts  endwise. 

In  constructing  patterns,  the  fact  should  always  be  taken  into 
account  that  wood,  however  dry,  is  subject  to  this  change  to 
some  extent.  Well-seasoned  wood  varies  at  the  rate  of  one- 
tenth  of  an  inch  to  the  foot  in  width  between  the  temperature 
of  the  pattern  shop  and  that  of  the  foundry.  Patterns  that  have 
been  correct  the  first  day  of  casting  may  become  too  large 
subsequently.  Not  considering  this  point  in  the  construction 
of  a  pattern,  and  neglecting  to  make  proper  allowance,  is 
a  common  source  of  great  trouble  and  bad  work.  Too  much 
importance  cannot  be  laid  upon  this  consideration,  as  it  arises 
in  almost  every  description  of  pattern  that  is  made. 
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The  best,  cheapest  and  most  effective  way  to  meet  this 
difficulty  is  by  a  framed  construction  using  the  wood  length- 
wise of  the  grain  to  keep  the  essential  sizes  or  outline  of  the 
pattern,  and  leaving  open  joints  so  as  to  allow  the  wood  free- 
dom to  expand  or  contract  across  the  grain,  and  yet  not  effect 
the  essential  sizes.  Take  a  piece  of  wood  twelve  inches 
square  and  an  inch  thick,  to  illustrate  this  principle.  Cut  oft 
a  piece  from  a  planed  board  of  that  thickness,  and  this  will 
not  keep  even-flat  unless  a  batten  is  put  across  it.  When 
this  has  been  done,  it  will  keep  twelve  inches  I'ong,  but  not 
twelve  inches  wide:  it  may  not  take  a  week  to  get  to 
eleven  and  seven-eighths  of  an  inch.  The  batten  will 
keep  it  flat;  but  will  not  be  able  to  resist  the  force  with 
which  it  will  shrink.  If  it  be  desired  that  it  should  keep  to 
size,  recourse  must  be  had  to  panelling,  which  is  managed 
as  follows  :— Take  four  pieces  one  inch  thick,  about  one-and- 
a-half  inch  wide,  and  twelve  inches  long,  with  ends  cut  to  a 
mitre.  Plough  a  groove  on  the  inside  of  each  piece.  These 
four  pieces,  when  joined,  will  form  a  frame.  A  filling  for  the 
centre  must  now  be  got  out  and  tongued  to  fit  the  grooves  it  is 
to  be  put  in,  before  the  last  piece  of  the  frame  is  fixed  in  its 
place.  In  large  work,  the  panel,  or  centre  filling,  is  made  up 
of  several  pieces,  so  that  the  whole  shrinkage  is  divided  among 
them ;  otherwise  the  panel  may  shrink  quite  out  of  the  grooves. 

For  small  patterns  the  Germans  use  cherry-tree  wood, 
well-seasoned,  which  is  hard  and  close-grained ;  but  in  England 
mahogany  (chiefly  baywood)  comes  into  use  for  all  small  work. 
In  fact  it  Mall  suit  nearly  all  patterns  ;  it  warps  less  than  any 
other  wood,  and  shrinks  very  little  in  drying.  It  can  be  worked 
at  the  ends  easily,  and  its  corners  keep  sharp  when  worked 
with  good  sharp  tools. 

To  be  a  competent  pattern  maker  a  knowledge  of  practical 
plane  and  solid  geometry  and  also  of  mechanical  drawing  are 
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required  as  much  as,  and  perhaps  more  than,  by  the  draughts- 
man, as  the  former  is  required  to  lay  upon  an  uneven  surface 
lines  which  are  much  more  easily  got  upon  flat  paper.  A  know- 
ledge of  the  nature  of  woods,  or  other  materials  used  is  neces- 
sary, and  the  pattern  maker  must  be  able  to  construct,  with 
accuracy,  any  conceivable  shape  of  body,  so  that  it  will  stand 
the  strains  of  the  work  required,  and  keep  its  size.  He  must 
understand  how  it  can  best  be  moulded,  as  he  is  required  to 
decide  how  much  of  a  pattern  is  necessary,  where  to  make 
the  parting,  the  taper,  the  prints,  the  cores,  &c.,  and  to  make 
loose  pieces  accordingly. 

A  skilful  pattern  maker  helps  the  moulder  to  make  the 
mould  that  is  necessary  for  the  required  casting ;  therefore  the 
capacity  of  the  moulder  and  his  appliances  must  be  known. 
Some  moulds  can  be  made  cheaper  without  a  pattern  by  the 
use  of  strikes ;  others  with  a  combination  of  strikes  and  parts 
of  patterns ;  others  with  cores ;  while  others  require  a  full 
pattern  of  the  size  and  shape  of  casting  required,  with  allowance 
for  shrinkage. 

Thus  a  casting  may  be  made  to  cost  more  in  the  pattern 
making,  and  less  in  the  moulding,  or  more  in  the  moulding, 
and  less  in  the  pattern  making,  according  to  which  method 
would  do  the  work  cheapest.  The  probable  number  of  cast- 
ings required  is  a  first  consideration  in  the  construction  of  a 
pattern  and  the  finish  required.  If  twenty  castings  be  required 
from  one  pattern,  and  one  hour's  more  work  on  the  pattern 
would  save  the  moulder  five  minutes  on  each  mould,  there 
would  be  an  economy  of  forty  minutes  saved  by  the  extra  hour 
spent  in  pattern  work.  If  but  one  casting  were  to  be  made, 
and  one  hour's  extra  work  were  still  put  upon  the  pattern, 
there  would  be  a  loss  of  fifty-five  minutes,  seeing  that  the 
moulder  was  saved  but  five  minutes'  work. 

After  the  pattern-maker  has  considered  the  requirements  of 


lo  THE  PATTERN  MAKER'S  HANDYBOOK. 


the  moulder,  he  must  think  of  the  casting  in  the  machine 
shop,  and  consider  the  shrinkage,  the  finish,  and  the  parts  that 
require  to  be  most  sound.  Bearing  all  this  in  mind,  he  must 
make  his  pattern  accordingly.  A  wide  range  of  thought,, 
skill  and  experience  are  necessary  for  efficient  pattern  making. 

Cast  iron,  in  common  with  nearly  all  other  metals,  contracts 
in  cooling  from  the  molten  state  in  which  it  enters  the  mould. 
Patterns  have,  therefore,  to  be  made  larger  by  this  amount 
than  the  castings  are  intended  to  be.  In  order  to  always 
make  this  allowance,  the  pattern  maker  uses  a  rule,  which, 
though  called  a  foot-rule  is  actually  about  twelve  and  an 
eighth  inches  long.  Such  a  rule  should  never  be  applied  to 
a  drawing,  for  then  the  necessary  allowance  would  not  be 
made,  mistakes  may  be  sometimes  made  through  doing  this. 

Some  men  are  opposed  to  shrinkage-rules,  and  have  some 
reason ;  because  it  is  a  fact  that  different  kinds  of  iron  do  not 
contract  the  same  amount ;  that  hard,  or  white  iron,  will  con- 
tract more  and  scrap  iron  less  than  soft  grey  iron.  Another 
point  is  that  heavy,  massive  castings  will  strain  the  mould  to 
such  an  extent  as  to  almost  nullify  the  shrinkage. 

For  machine  castings  a  shrinkage  of  one-tenth  of  an  inch 
per  foot  is  nearer  the  truth  than  one-eighth  of  an  inch.  By 
comparing  many  long  columns,  pipes,  &c.,  with  their  patterns, 
it  was  found  always  that  one-tenth  of  an  inch  was  enough,  and 
sometimes  more  than  enough.  But  close  observation  also 
showed  that  the  length  of  a  ten-feet  or  twelve-feet  column 
could  not  be  depended  upon  within  a  quarter  of  an  inch,  it 
frequently  happened  that  two  columns  cast  from  the  same 
pattern  would  vary  that  amount  in  their  lengths. 

Shrinkage  is  not  allowed  on  measurements  of  four  inches 
and  under,  as  the  rapping  of  the  pattern  will  enlarge  the  mould 
enough.  Broad,  heavy  castings,  usually  turn  out  thicker  than 
their  patterns  ;  one  and  fifteen-sixteenths  of  an  inch  of  pattern 
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will  give  two  inches  thickness  of  casting ;  and  two  and  seven- 
eighths  of  an  inch  pattern  will  appear  as  three  inches  in  casting. 

For  the  parts  of  a  casting  that  are  to  be  finished,  allowance 
must  be  made  in  the  pattern  of  the  amount  necessary  to  true 
it  up,  which  depends  upon  the  liability  of  imperfection  in  the 
shape  of  the  casting.  It  must  also  be  so  moulded  that  the 
metal  shall  be  clean  and  sound  in  the  places  to  be  finished. 
To  this  end  such  parts  should  be  arranged  to  be  cast  down,  or 
in  the  position  in  the  mould  where  the  metal  receives  the 
greatest  pressure  first,  thus  floating  the  impurities  in  the  metal 
away  from  these  parts.  When  the  whole  surface  of  a  casting 
is  finished,  extra  finish  is  allowed  on  the  top  side  of  the  mould 
and  the  rest  is  left  to  the  moulder,  who  uses  skimming  gates 
and  an  extra  clean  mould,  and  sometimes  a  rising  head,  thus 
adding  a  pressure  of  feed  to  the  precaution  of  cleanliness. 

The  allowance  that  should  be  made  for  shrinkage  of  castings 
when  cooling,  and  for  finishing  them,  are  of  the  first  import- 
ance, because  they  are  questions  that  arise  with  reference  to 
almost  every  pattern  or  casting  made.  The  adoption  of  a 
contraction-rule  seems  to  dispose  of  the  question  of  shrinkage 
in  the  minds  of  most  pattern  makers,  and  when  in  certain 
cases  the  allowance  does  not  prove  correct,  they  will  still  stand 
behind  their  rule,  considering  themselves  responsible  no  further. 
All  patterns  larger  than  three  or  four  inches  should  be  mea- 
sured with  a  contraction-rule,  now  purchasable,  and  made  in 
steel  as  well  as  wood.  The  contraction  foot-rule  is  about  the 
eighth  of  an  inch  longer  than  the  standard  foot ;  but  still  more 
than  this  must  be  allowed  in  a  wood  pattern,  if  the  casting  is 
intended  for  an  iron  pattern,  say  for  a  blank  to  be  turned  up; 
in  this  case  judgment  must  be  exercised. 

A  good  pattern  maker  is  conspicuous  chiefly  in  the  ability 
to  judge  correctly  upon  all  the  phases  which  arise,  this  mental 
part  being  of  first  importance ;  while  the  physical  is  secondary,. 
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especially  in  this  age  of  machinery.  The  allowance  necessary 
for  shrinkage  varies  for  different  kind  of  metals,  and  the  differ- 
ent conditions  under  which  they  are  cast.  For  castings  where 
the  thickness  runs  about  one  inch,  cast  under  ordinary  con- 
ditions, the  following  allowances  can  be  made  : 

For  cast  iron        ...       ...  ^^o^^-  P^"^  ^o^t. 

„  mal.  iron         ...        ...  |in. 

„  brass    ^^in.  „ 

„  steel    |in.  „ 

Thicker  castings,  under  the  same  conditions,  will  shrink 
less,  and  thinner  ones  more  than  this  standard.  The  quality  of 
the  iron,  and  the  manner  of  moulding  and  of  cooling  will  also 
make  a  difference.  Where  there  is  a  large  range  of  work,  the 
shrink-rule  is  often  discarded,  and  the  judgment  and  experience 
of  the  pattern  maker  substituted. 

When  heavy  and  light  parts  occur  in  one  casting,  it  will 
cause  unequal  shrinkage,  which  will  crack  the  casting  or  draw 
it  out  of  shape,  or  weaken  it  by  the  unequal  strains  existing 
within  itself.  A  good  illustration  of  this  is  found  in  an  ordinary 
pulley  with  straight  arms. 

Generally  speaking,  all  patterns  should  be  "  drafted,"  that 
is,  tapered  so  as  to  draw  from  the  mould.  Thus  is  seen  the 
necessity  of  deciding  how  the  pattern  is  to  be  moulded  before 
commencing  to  make  it,  so  as  to  have  the  draft  in  the  right 
direction. 

It  seems  to  be  generally  conceded  that  one-sixteenth  of  an 
inch,  on  all  sides,  for  one  foot  of  depth  shall  be  the  amount 
allowed,  and  though  this  may  be  taken  as  the  rule,  deviations 
are  frequently  made  on  both  sides  of  it.  The  hubs  and  rims  of 
wheels,  and  the  ribs  on  machine  framing,  though  shown  parallel 
on  a  drawing,  are  always  cast  with  a  good  deal  of  taper.  Where 
extra  draft  does  not  interfere  with  the  designs,  about  an  eighth 
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of  an  inch  in  three  inches  is  a  fair  allowance.  On  the  other 
hand,  the  teeth  of  spur-wheels  and  of  pinions  are  made  almost 
square ;  the  draft  being  so  little  that  it  cannot  be  detected  in 
the  castings.  The  pressure  of  iron  being  greater  at  the  bottom 
of  the  mould  than  at  the  top  causes  a  slight  expansion  of  the 
mould,  thereby  neutralising  the  draft.  Sometimes  the  teeth 
in  the  casting  are  found  to  be  larger  on  the  bottom  side  than 
the  pattern  teeth  were  on  the  top  side. 

Core  boxes  that  cannot  be  taken  apart,  require  at  least 
one-thirty-second  of  an  inch  draft  for  every  three  inches  of 
depth.  If  less  be  given  the  core  cannot  be  relied  upon  to 
shake  cleanly  out  of  the  box.  If  there  are  narrow  or  intricate 
places  in  the  box,  more  draft  must  be  allowed  in  those  parts. 
The  least  that  the  core-maker  can  work  with  is  named,  but 
where  extra  draft  does  not  act  detrimentally  it  is  well  to  give 
more,  even  to  as  much  as  three-sixteenths  of  an  inch  on  all 
sides  for  every  three  inches  of  depth. 

An  extra  amount  of  taper  must  be  given  to  all  fixed  projec- 
tions on  a  pattern  that  rise  into  the  upper  part  of  the  mould. 
The  same  is  true  of  any  cavity  in  a  pattern  into  which  the 
cope  descends.  This  extra  taper,  sometimes  called  ''cope- 
draft,"  is  necessary  because  there  is  no  opportunity  to  rap  or 
loosen  the  pattern  in  the  mould  before  the  cope  is  lifted  off. 
The  natural  adhesion  of  the  sand  to  the  pattern  causes 
portions  of  the  cope  to  become  detached,  involving  much  time, 
trouble  and  uncertainty  in  repairing  the  mould. 

Proper  consideration  of  this  matter  is  of  great  importance, 
as  it  may  effect  a  great  saving  of  time  in  the  moulding  shop, 
without  interfering  with  the  draughtsman's  designs,  or  throw- 
ing any  additional  labour  on  the  machinist. 

Wood  patterns  should  be  painted  or  varnished  before  they 
are  put  into  the  moulding-sand.  Some  woods — oak  for  ex- 
ample— will  draw  moisture  from  the  sand  and  adhere  to  it,  and 
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the  patterns  will  be  difficult  to  draw.  Cedar  and  deal  draw 
easily  even  unpainted,  but  much  depends  upon  the  finish .  The 
paint  best  suited,  as  a  thin  coating  for  patterns,  is  that  made 
of  red  lead  and  a  hard  drying-oil;  sometimes  patterns  are 
afterwards  blackleaded,  or  glass-papered,  or  rubbed  with  pow- 
dered chalk.  Pumice-stone  also  is  often  used  instead  of  glass- 
paper,  and  then  a  coating  of  blacklead  and  beer.  The  latter 
may  be  put  on  the  bare  wood  if  the  pattern  is  fairly  finished, 
and  only  two  or  three  castings  are  wanted  from  it.  Hard  wood 
patterns  will  draw  well  if  coated  with  copal  varnish.  Coarse 
work  very  often  has  a  coating  of  common  paint.  Weak  shellac 
varnish  is  another  protection. 

Many  men  who  make  patterns  follow  the  cabinet-maker's 
style,  without  considering  the  requirements  and  usage  of  the 
foundry,  and  take  pride  in  making  close  joints  with  nails  and 
glue,  so  that  though  the  pattern  looks  well  in  the  pattern  shop, 
it  often  comes  to  grief  in  the  mould.  A  pattern  that  is  right 
when  it  leaves  the  pattern  shop  is  not  sufficient ;  it  must  be  so 
constructed  that  it  will  keep  right  under  the  conditions  to 
which  it  is  subjected  in  the  foundry.  In  large  and  heavy 
work  these  points  call  for  great  attention. 

To  insure  the  special  treatment  which  is  necessary  to  the 
diff'erent  parts  of  the  mould,  it  is  a  good  practice  to  varnish 
with  different  colours.  For  example,  for  the  parts  that  are  to 
be  finished  or  machined  bright,  use  clear  or  yellow  varnish ;  for 
core  prints,  red  :  and  for  unfinished  surface  use  lampblack  in 
the  varnish.  It  is  very  little  more  work,  and  it  carries  its  own 
information.  By  this  means  the  moulder  can  see  at  a  glance 
the  parts  which  require  to  be  clean,  where  he  can  use  blacking, 
and  the  best  place  to  make  the  air-gate.  The  same  advantage 
results  from  a  similar  treatment  of  the  core-boxes,  and  for  the 
same  reasons. 


CHAPTER  II. 


MOULDING  AND  FOUNDING. 

M'MIHE  Founders'  art  is  based  upon  the  fusibility  of  metals 
^.Pj  and  alloys,  and  affords  one  means  by  which  they  are 
given  the  varied  forms  which  fit  them  for  application  in  the 
arts.  The  softer  metals  and  alloys,  such  as  lead,  pewter,  type- 
metal,  Britannia-metal,  and  even  zinc  are  usually  cast  in 
metallic  moulds  which  are  used  over  and  over  again.  In  a 
more  restricted  sense  moulding  is  understood  to  embrace  the 
formation  of  moulds  in  sand  and  loam,  which  are  used  for  cast- 
ing metals  and  alloys  fusing  above  a  red  heat,  as  cast-iron, 
brass,  gun-metal,  bell-metal,  &c.  These  moulds  can  be  used 
but  once ;  after  pouring  and  cooHng,  they  are  broken  up  to  get 
out  the  casting,  the  sand  not  being  used  again. 

Pouring  the  metal  for  brass  and  iron  castings  is  accom- 
plished from  crucibles  or  ladles  respectively.  In  large  iron- 
works several  ladles,  each  holding  from  two  to  four 
hundredweight  of  metal,  are  often  used  simultaneously;  for 
still  larger  masses,  crane  ladles  holding  several  tons  are 
employed;  and  when  such  are  insufficient  the  mould  is  filled 
by  leader  channels  direct  from  the  furnace. 

The  trade  of  the  iron-moulder  is  distinct  from  that  of  the 
brass-moulder  (who  also  deals  with  gun  and  bell-metals),  but 
the  methods  employed  are  so  nearly  identical  that  in  describ- 
ing the  several  operations  a  distinction  is  not  necessary. 

Moulds  forming  the  matrix  in  which  an  object  is  cast  are 
made  in  green-sand  or  dry-sand  and  in  loam.    For  the  first'a 
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pattern  is  required ;  for  the  last  it  is  generally  dispensed- 
with.  Moulds  are  divided  into : — Open  moulds,  into  which 
the  metal  is  poured,  the  upper  surface  of  the  fluid 
metal  assuming  the  horizontal  position.  Such  are  used  for 
ingots  and  some  other  objects.  Close  moulds  of  metal  or 
plaster  of  Paris,  with  ingates  by  which  the  molten  metal 
enters.  Such  moulds  are  used  for  inkstands,  bullets,  type  and 
various  other  articles  made  of  lead,  tin,  zinc,  and  their  alloys, 
which  fuse  at  a  moderate  heat.  Close  moulds  of  sand,  in 
which  articles  of  iron,  brass,  bronze,  &c. ,  are  cast.  This  is  the 
ordinary  foundry  work,  and  includes  machinery,  ordnance,  and 
the  multitude  of  articles  of  domestic  and  agricultural  hardware. 
Loam-work  in  which  the  mould  is  built  up,  instead  of  being 
rammed  around  a  pattern.  This  is  used  in  casting  cylinders, 
tanks,  bells,  or  ordnance  of  very  large  size. 

Green-sand  moulding  is  the  term  employed  to  express  the 
fact  that  the  sand  is  used  in  its  green  or  natural  state,  and  is 
not  subjected  to  any  drying  or  baking  process  before  casting 
it  is  the  method  followed  for  the  great  mass  of  castings,  both 
iron  and  brass.  The  sand  for  this  purpose  is  kept  damp,, 
sufficiently  so  to  form  into  a  compact  mass  when  squeezed  in 
the  hand,  but  it  must  not  be  wet,  or  approach  that  condition. 

The  brass-moulder  keeps  his  sand  in  a  trough  or  bin,  over 
which  he  works,  small  castings  forming  the  bulk  of  his  work  ;. 
but  in  an  iron  foundry  the  whole  floor  to  a  considerable  depth 
is  formed  of  old-sand,  and  on  this  the  surplus  quantity  for  use 
is  heaped  together  in  mounds. 

In  working  from  a  pattern  in  green-sand  the  object  in  view 
is  to  produce  in  the  finely-packed  sand  a  cavity,  identical  in. 
form  with  that  of  the  pattern,  which  is  afterwards  filled  with 
molten  metal  and  left  to  cool.  To  accomplish  this  the  work- 
man is  provided  with  a  large  assortment  of  flasks,  or  mould- 
ing-boxes of  most  various  dimensions ;  they  are  designed  to 
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•hold  the  sand  used  in  making  the  moulds.  Small  flasks  are 
■simply  rectangular  frames  resembling  ordinary  boxes,  but 
without  either  top  or  bottom ;  each  part  being  from  3  inches 
to  6  inches  high.  They  are  connected  together  generally  in 
pairs  (often  three  or  more),  by  steady-pins,  which  allow  of 
their  separation  when  full  of  sand,  and  their  restoration  to 
exactly  the  same  relative  positions  afterward.  Large  flasks  are 
provided  with  cross-bars  at  suitable  distances  to  prevent  the 
sand,  which  has  been  rammed  into  them,  from  falling  out  of 
its  own  weight,  or  rising  from  the  upward  pressure  of  the  fluid 
metal. 

The  following  description  will  serve  to  illustrate  the  prin- 
ciples which  govern  and  guide  the  moulder  working  in  green- 
■sand.  One  flask  being  laid  with  its  lugs  uppermost  is  filled 
and  rammed  up  with  old  sand,  and  stricken  off  level  with  the 
joint  of  the  flask  :  this  is  called  a  false-part.  If  the  object  to 
be  moulded  has  a  suitable  symmetrical  form,  the  sand  in  the 
false-part  is  cut  away  roughly,  so  as  to  imbed  one  half  of 
the  pattern.  Some  dry  parting-sand  is  next  scattered  over  the 
surface.  This  adheres  to  the  damp  sand,  and  prevents  any 
adhesion  between  such  a  surface  and  any  other  sand  sub- 
sequently rammed  upon  it.  After  the  parting-sand  is  blown 
off  the  exposed  part  of  the  pattern,  the  other  side  or  drag  is 
put  on,  its  steady-pins  entering  the  holes  in  the  lugs  of  the 
false-part  easily,  but  without  shake.  Prepared  facing-sand  is 
next  sieved  over  the  pattern  in  sufficient  quantity  to  cover  it 
completely ;  the  box  is  filled  with  old  sand  from  the  floor  of 
the  shop,  and  is  carefully  rammed  up  and  stricken  off. 

After  provision  is  made  for  the  escape  of  gasses  from  the 
sand  by  piercing  it  all  over  with  a  sharp-pointed  steel  wire, 
known  as  a  vent- wire,  the  two  flasks  are  held  together  and 
turned  over  on  a  bed  prepared  for  the  drag  upon  the  floor,  or 
on  a  flat  board  if  the  boxes  are  small,  and  the  false-part,  hav- 
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ing  done  its  work,  is  lifted  off  and  emptied.  An  exact  parting 
is  now  made  with  the  trowel  along  the  medial  line,  if  the 
casting  be  symmetrical,  the  damp  facing-sand  being  added 
or  cut  away  sharply  up  to  the  pattern,  as  occasion  may  require. 
The  parting-line  is,  as  a  general  rule,  that  line  upon  the 
pattern,  as  it  lies  in  the  sand,  above  and  below  which  the  sides- 
of  the  pattern  slant  inwards  from  the  perpendicular.  This  is 
frequently  an  undulating  line,  but  the  parting  surface  always 
runs  from  it  in  all  directions  to  the  horizontal  edge  of  the  box. 


Parting-sand  is  now  strewn  over  the  whole,  and  the  surplus 
blown  off.  The  upper  flask  or  cope  being  replaced,  a  short 
cylindrical  runner-stick  is  thrust  into  the  sand  of  the  lower 
part  at  a  convenient  distance  from  the  pattern  ;  facing-sand  is 
sieved  on,  the  box  filled  up  with  old  sand,  rammed  up,  and 
stricken  off  as  before.  The  vent-wire  is  then  used  as  with  the 
drag,  the  runner-stick  withdrawn,  and  the  opening  left,  through 
which  the  metal  has  ultimately  to  pass  to  the  mould,  is  shaped 
bell-mouthed. 

The  moulder,  either  alone  if  the  box  be  small,  or  with  the 
help  of  other  workmen  or  the  crane  itself  if  it  be  large,  lifts  the 
-cope  steadily  upward,  leaving  the  pattern  in  the  sand  of  the 


Fig.  I.  Sleeker. 


Fig.  2.  Sleeker. 
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drag.  The  cope  is  then  usually  turned  over  on  wooden  blocks 
for  repairing  and  dressing.  The  pattern  has  now  to  be  drawn 
from  the  sand.  This  is  done  with  the  help  of  spikes,  or 
screwed   rods,  temporarily 


attached  to  it ;  with  one  01 
more  of  these  it  is  lifted, 
being  made  to  vibrate  the 
while  by  rapid  rapping  with 
a  piece  of  wood  or  iron,  for 
the  purpose  of  causing  it  to 
leave  the  sand  readily.  The 
moulder  has  now  to  repair 
with  suitable  tools  called 
sleekers,  some  types  of  which 
are  shown  at  Figs,  i,  2,  3 
and  4,  any  broken  parts  of 
the  sand  forming  the  mould, 
then  to  cut  the  runners  or 
channels,  from  the  opening 
left  by  the  gate-stick  to  the 
mould,  along  which  the  fluid 
metal  finds  its  way;  and 
lastly  to  dust  over  the  facing- 
sand  surface  of  the  mould 
finely   powdered  charcoal 
from  a  linen  bag  if  for  iron, 
and  meal-dust,  or  some  simi- 
lar substance,  if  for  brass.  3      4-  Sleekers. 
Charcoal,  when  this  is  used,  is  sleeked  down  with  trowels  and 
Sleekers  as  far  as  possible,  so  as  to  bring  it  into  intimate  con- 
tact with  the  damp  sand.    The  excess  of  dust  in  every  case  is 
blown  off  with  bellows.    When  the  top  part  is  closed,  it  occu- 
pies exactly  the  position  it  did  before ;  the  space  then  filled  by 
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the  pattern  being  now  vacant  and  in  connection  with  the  gate, 
the  fluid  metal  can  therefore  make  its  way  in  so  as  to  fill  such 
space,  the  form  of  which  it  will  be  found  to  have  taken  when 
cold. 

The  foregoing  may  be  regarded  as  typical  of  all  solid  work 
in  green-sand,  the  imaginary  case  described  being  almost  the 
simplest  possible.    When  hollow  work  is  required,  especially 
if  the  cavities  are  long  or  tortuous,  dry-sand  or  loam  cores  are 
employed  to  form  such  openings.    These  are  made  either  by 
pressing  damp  sand  of  suitable  composition  into  a  wooden 
sort  of  mould,  known  as  a  core-box,  from  which  it  is  removed 
and  dried  by  artificial  heat,  or  by  attaining  the  same  end  by 
the  use  of  plastic  loam  on  a  perforated  barrel  or  a  core-plate. 
When  such  a  core  is  perfectly  dry,  having  received  a  thin  coat 
of  a  mixture  of  clay,  water  and  charcoal-dust,  called  black-wash, 
it  is  placed  in  position  in  the  mould.    This  is  determined,  and 
the  core  is  held  in  its  place,  by  making  it  longer  than  the  hole 
in  the  casting,  and  letting  the  extra  parts  rest  in  suitable 
cavities  in  the  sand,  made  by  projections  on  the  pattern  known 
as  prints.    An  ordinary  water-pipe  is  a  good  illustration  of 
this  class  of  work.    The  pattern  for  such  a  casting  is  solid, 
and  has  at  its  ends  cyUndrical  projections  of  the  inside 
diameter  of  the  pipe.    The  long  core,  through  which  runs  a 
perforated  barrel  for  the  escape  of  gas,  rests  upon  that  part  of 
the  mould  which  is  made  by  the  prints,  and  completely  fills 
those  cavities ;  but  it  leaves  a  space  all  round  which  exactly 
represents  the  pipe,  and  which  is  finally  filled  by  melted 
metal. 

Machine  moulding  is  now  largely  used  when  large  numbers 
of  castings  are  wanted  from  one  pattern.  Figs.  5  and  6 
illustrate  two  small  moulding  machines  and  their  construction 
may  be  seen  by  careful  inspection. 

The  machine  shown  at  Fig.  5  consists  of  a  bed-plate  on 


MOULDING  MACHINES. 


21 


which  rest  two  vertical  columns,  the  distance  between  these 
is  capable  of  adjustment  according  to  the  size  of  the  pattern 
plate.  In  the  columns  are  two  spindles  which  carry  the 
pattern  plate  in  bearings ;  these  spindles  are  telescoped  up 
and  down  the  columns  by  means  of  a  hand  lever  ;  the  pattern 


Fig.  5.  Moulding  Machine. 


plate  can  be  turned  completely  round  in  its  bearings.  Under- 
neath is  a  table  running  on  rollers.  The  moulding  boxes  can 
be  firmly  attached  to  the  pattern  plate  by  means  of  split  keys 
or  screws.  The  bottom  box  is  first  fixed  to  the  plate  and  the 
sand  rammed  up ;  the  whole  is  then  turned  completely  over 
and  the  box  lowered  until  it  rests  upon  the  table  ;  the  plate 


22  THE  PATTERN  MAKER'S  HANDYBOOK. 

is  then  unfastened  from  the  box  and  fixed  in  its  bearings  by 
the  set  screws  and,  by  means  of  the  hand  lever,  raised  from 
the  mould,  giving  it,  at  the  same  time,  one  or  two  gentle  raps 
as  it  leaves  the  sand ;  the  bottom  box  is  now  ready.  The 
process  of  moulding  the  top  is  exactly  the  same  as  for  the 
bottom,  taking  the  impression  from  the  other  side  of  the 


Fig.  6.  Moulding  Machine. 


plate.  An  accurate  perpendicular  lift  and  raising  the  pattern 
plates  equally  on  both  spindles  prevents  the  breaking  of  the 
corners  or  the  cracking  of  the  sand,  thus  completely  avoiding 
troublesome  applications  of  water  and  the  mending  up  of 
the  mould.  The  advantages  of  machine  over  hand  moulding, 
are,  perfect  lift,  rapidity  of  work,  and  a  labourer  can  work  the 
machine,  as  beyond  ramming  up  the  sand  no  skill  is  required. 
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Dry-sand  moulding  may  be  regarded  as  identical  in  all 
•essential  points  with  that  in  green-sand,  except  that  the  mould 
when  finished  is  thoroughly  dried  by  artificial  heat.  By  this 
'treatment  the  sand,  especially  prepared  for  the  work,  is  baked 
to  a  hard,  compact  mass.  Dry-sand  moulding  is  chiefly  used 
for  heavy  castings,  where  great  solidity  and  strength  are 
■required.  The  drying  is  done  in  a  heated  room  called  the 
stove  or  oven. 

Loam,  as  prepared  for  loam  moulding,  is  essentially  to  be 
regarded  as  a  mixture  of  sand  and  clay,  the  latter  in  quantity 
sufficient  to  give  a  plastic  character  to  the  whole  when 
tempered  with  water  to  the  consistence  of  mortar  or  plaster. 
This  material  is  much  used  for  the  construction  of  large  moulds 
and  cores,  and,  as  has  been  previously  stated,  it  obviates  the 
necessity  for  patterns — generally  very  costly  ones — and  core- 
boxes.  Loam  cores  are  struck  up,  usually  upon  a  hollow 
perforated  spindle  covered  with  a  layer  of  hay-band.  The 
spindle — often  consisting  of  common  gas-pipe — is  made  to  run 
in  notched  trestles,  upon  which  a  loam-board  rests  parallel  to 
the  axis  of  the  spindle.  The  loam  is  heaped  upon  this  board, 
while  at  a  proper  distance  the  spindle  is  made  to  revolve 
slowly  before  it  by  a  simple  winch-handle.  After  it  is 
thoroughly  dried  in  the  drying-stove,  it  is  turned  to  the  exact 
size,  black-washed,  and  re-dried,  when  it  is  ready  for  use. 

Loam-moulding  is  a  process  entirely  distinct  from  either 
green-sand  or  dry-sand  moulding.  It  is  chiefly  applied  to 
large  castings,  such  as  cylinders,  pans,  or  large  water-pipes, 
and  is  really  conducted  on  principles  quite  analogous  to  the 
above.  As  a  typical  instance,  take  the  moulding  of  a  large 
sugar  or  soap  boiler's  pan  here  described.  Such  a  vessel  is  cast 
mouth  downward.  A  heavy,  flat,  cast-iron  loam-plate,  in  the 
form  of  a  ring,  is  laid  upon  a  low  carriage  or  truck  which 
truns  in  and  out  of  the  drying-stove.    The  outside  and  inside 
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diameters  of  this  flat  ring  are  respectively  greater  and  less  thans 
that  of  the  rim  of  the  pan,  and  it  is  also  provided  with  strong, 
projecting  staples  by  which  to  move  it  and  the  mould  upon  it, 
by  means  of  the  crane,  from  the  stove-truck  to  the  pit  in  the 
floor  where  the  casting  is  made.  In  the  centre  of  this  ring 
rises  a  perpendicular  spindle  running  in  a  long  bearing  provided 
for  it  in  the  carriage,  and  carrying  a  movable  arm  from  its 
upper  end.  A  templet  of  wood  of  the  exact  sweep  of  the 
inside  of  the  pan  is  now  clamped  to  the  cross-arm  of  the 
spindle,  and  the  latter  is  lowered  so  as  to  bring  one  end  of  the 
templet  down  to  the  plate,  and  there  it  is  fixed.  In  revolving 
through  a  complete  circle,  the  edge  of  the  templet  will  now 
describe  a  figure  representing  the  inside  surface  of  the  pan. 
A  rough  dome  of  common  brickwork  set  in  loam  is  built  upon 
the  ring,  keeping  it  two  or  three  inches  clear  of  the  templet,, 
and  leaving  an  opening  at  top  large  enough  for  the  spindle  to 
turn  freely.  Loam  is  then  applied  to  the  dome  in  two  or  three 
coats,  and  it  is  finally  struck-up,  with  the  help  of  the  revolving 
templet,  to  an  exact  form.  This  structure  is  dried  and  then 
black-washed,  and  is  known  in  loam-moulding  as  the  nowel. 
The  templet  used  hitherto  is  now  replaced  by  another  whichi 
gives  the  form  of  the  outside  of  the  pan.  With  its  help  the 
thickness  is  struck-up  upon  the  nowel  in  loam  which  contains 
a  good  proportion  of  clay.  It  will  be  seen  that  this  application 
represents  the  thickness  of  metal  required  for  the  pan.  When 
dry,  it  is  likewise  black-washed,  and  re-dried ;  the  last 
application  in  both  cases  being  made  to  secure  a  parting.  A 
second  cast-iron  ring,  also  provided  with  strong  ears  or  lugs,  is 
lowered  down  till  it  rests  upon  that  part  of  the  first  loam-plate 
which  extends  beyond  the  thickness,  last  applied.  A  coating 
of  wet  loam  is  then  put  on  with  the  hand  to  the  surface  of  the 
thickness,  and  a  second  dome  of  brickwork  is  built  against  it. 
When  all  is  dry,  the  position  of  the  second  ring  is  marked,  if 


LOAM  MOULDING.  7.% 

not  secured  with  pins.  The  crane  is  then  made  fast  to  it,  and  ^ 
the  cope  is  lifted  off. 

In  all  probability  in  doing  this  the  thickness-loam  will  break 
to  pieces  ;  if  it  does  not,  it  is  gently  knocked  away,  and  the  sur- 
faces of  both  the  nowel  and  the  cope  are  repaired  and  dressed, 
and  finally  black-washed.  Before  this  is  done  the  spindle  is 
lifted  out,  and  the  opening  in  the  nowel  carefully  closed  ;  that 
in  the  cope  usually  plays  the  part  of  ingate.  When  both  parts 
of  the  mould  are  united,  a  space  is  left  between  corresponding 
to  the  thickness  removed,  ready  to  receive  metal.  By  means  of 
the  crane,  made  fast  to  the  lower  ring,  the  whole  is  deposited 
in  a  pit,  and  old  sand  rammed  around  it,  so  as  to  hold  the  cope 
down,  and  increase  its  power  of  resisting  the  lateral  pressure 
of  the  metal,  which  is  very  great.  Adequate  provision  is  also 
made  for  the  easy  escape  to  the  surface  of  the  gases  generated 
by  the  hot  metal,  especially  those  forced  inwards  through  the 
dried  loam  and  brickwork  of  the  nowel.  The  formation  of  the 
ingate  is  also  carefully  attended  to. 

In  smaller  foundries  often,  and  sometimes  in  those  which 
are  very  large,  loam-moulds  are  made  that  cannot  be  moved, 
so  rendering  it  necessary  to  dry  them  where  made.  In  such 
cases  slow-burning  fires  are  made  under  them  in  the  open  shop, 
and  the  evaporation  of  the  moisture  is  thus  accomplished. 

With  some  large  cylinders,  such  as  those  of  the  Cornish 
pumping-engines,  eighty  to  one  hundred  inches  bore  and  twelve 
to  fourteen  long,  also  with  the  cylinders  of  the  large  blowing- 
engines  and  blast  furnaces,  the  nowel  and  cope  are  made 
separately.  The  cope  is  built  up  and  turned  inside  with 
a  radius-bar  3  the  core  is  erected  on  a  plate  on  the  floor  and 
turned  on  the  outside  to  a  gauge ;  when  dried,  it  is  lowered 
into  the  cope  by  a  crane. 

A  modification  of  the  plan  for  loam-work  casting  of  cylinders, 
and  similar  large  hollow  articles  is  found  in  making  the  cope 
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devisible  by  a  verticle  joint,  so  as  to  separate  laterally  into 
two  semi-cylindrical  portions  which  rest  ,upon  semi-annular 
plates,  so  as  to  slip  back  when  the  thickness  representing  the 
metal  is  removed. 

Large  water-pipes  are  cast  upon  cores,  which  are  made  of 
a  layer  of  loam  upon  a  hay  band  wound  upon  a  perforated 
pipe,  the  pipe  being  supported  on  bearings,  and  the  loam 
turned  off  to  a  smooth  surface,  which  is  dried,  and  black- 
washed.  The  thickness  is  laid  on  and  black-washed,  and  this 
substitute  for  a  pattern  is  moulded  in  sand.  The  core  with  its 
envelope  is  withdrawn,  and  the  thickness  removed;  the  core 
is  supported  in  the  mould  by  the  prints  at  the  ends  and  by 
grains  with  long  wires. 

Pipes  are  also  made  from  wooden  patterns  cut  in  halves 
through  the  axis.  The  drag  and  cope  respectively  receive  the 
impression  of  one  half,  and  when  the  pattern  is  removed  the 
mould  is  ready  for  the  core  and  the  making  of  the  ingate. 

The  moulds  for  crooked  pipes  and  branches  are  frequently 
^made  in  halves  upon  a  flat  iron  plate.  An  iron  bar  or  templet 
of  the  curve  required  is  laid  down,  and  a  semi-circular  piece 
of  wood,  called  a  strickle,  is  used  for  working  and  smoothing 
the  half-core ;  next,  a  larger  strickle  is  used  for  laying  on  the 
thickness ;  the  two  halves  are  then  fixed  together  by  wires,  and 
are  moulded  in  the  sand-flask ;  the  thickness  is  now  slipped 
off  the  core,  which  is  fixed  in  the  mould  by  its  prints,  and,  if 
needful,  is  supported  also  upon  grains. 

There  are  two  general  processes  for  casting  gold,  silver, 
alloys  of  copper,  etc.  The  oldest  in  use  from  time  immemorial 
in  China,  Japan  and  India,  consists  in  forming  the  pattern  of 
such  a  material  that  it  can  be  burned  or  melted  out  of  an 
otherwise  solid  mould,  which  is  then  filled  with  the  metal.  By 
this  process,  figures  of  most  irregular  shapes  can  be  cast  with- 
out difficulty.    The  patterns  are  usually  made  of  wax,  but  they 
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miy  be  made  of  any  very  combustible  material,  such  as  pine 
wood.  Insects,  small  animals,  fruits,  leaves  and  other  natural 
productions  can  be  used  as  models,  and  placed  direct  in  the 
mould. 

There  are  many  substances  used  to  form  the  moulds;  several 
kinds  of  clay,  and  also  clay  mixed  with  horse-dung  \  also  river 
mud  washed  clean.  A  composition  of  one-third  plaster  of 
Paris  and  two-thirds  brick  dust,  mixed  with  water,  is  perhaps 
as  good  as  any.  These  moulds  should  be  burned  at  a  red 
heat,  but  not  those  made  entirely  of  plaster  of  Paris,  For 
smooth  castings,  the  brick  dust  is  separated  into  fine  and 
coarse  by  throwing  it  into  water.  The  coarser  particles  will 
fall  to  the  bottom  in  a  minute  or  two ;  the  water  is  then  poured 
into  another  vessel,  and  the  rest  of  the  brick  dust  will  gradually 
settle  down  as  a  fine  powder.  This  fine  dust  is  mixed  with 
fine  plaster,  and  an  even  layer  of  it  is  carefully  laid  all  over 
the  model,  which  is  then  covered  with  the  coarser  mixture  to 
a  sufficient  thickness.  Small  wires  or  cords  should  lead 
from  the  pattern  to  the  outside  of  the  mould,  so  that,  on 
being  drawn  or  burned  out,  they  will  leave  apertures  for  the 
escape  of  the  confined  air  from  the  mould  w^hen  the  metal  is 
poured  in. 

The  mould  is  dried  gradually  and  heated  until  the  wax  runs 
out,  or  the  combustible  model  is  reduced  to  ashes,  and  is  then 
baked  in  a  stove  or  oven  to  a  red  heat.  The  runner  or  ingate 
for  conveying  the  metal  to  the  interior  of  the  mould  should  be 
fixed  to  a  part  of  the  model  and  moulded  with  it.  The  runner 
may  be  shaped  like  a  funnel,  and  should  be  of  considerable 
size,  that  the  weight  of  the  extra  metal  may  condense  that  in 
the  mould,  making  a  sharp  and  well-defined  casting.  Care 
must  be  taken  to  remove  all  the  ashes  of  the  model  from  the 
mould,  which  can  be  done  by  blowing  through  the  holes  made 
for  the  escape  of  air. 
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When  the  metal  is  poured  in,  the  mould  should  be  very  hot. 
The  Hindoos  lute  the  mould  to  the  mouth  of  the  crucible,  and 
heat  the  mould  while  the  metal  is  melting ;  then,  by  simply 
reversing  the  crucible,  the  metal  runs  into  the  mould.  This 
process  is  a  very  beautiful  one,  and  work  of  the  very  highest 
art  is  done  by  it.  The  utmost  care,  however,  must  be  exer- 
cised, as  the  pattern  is  necessarily  destroyed,  and,  if  the  casting 
is  a  failure,  there  is  no  chance  for  another  trial. 

Soft  and  perishable  objects  may  be  also  moulded  so  as  to 
produce  a  single  casting  by  one  of  the  following  methods, 
which  are  adapted  to  procuring  castings  of  small  animals, 
insects,  flowers,  feathers,  ferns,  seaweed,  wax  models,  etc  : — 

Support  the  object  in  the  centre  of  a  small  box  by  means  of 
needles,  one  or  two  of  which  should  be  sufficiently  large  to 
form  ingates.  Some  fine  river-mud  is  dropped  into  the  box 
and  shaken  around  so  as  to  adhere  to  the  object.  When  par- 
tially dry,  a  coarser  grade  of  silt  is  thrown  in,  and  successively 
coarse  qualities  until  the  box  is  filled.  The  needles  and 
ingate  wires  are  now  withdrawn,  the  mould  burnt  to  reduce 
the  object  to  ashes,  which  are  shaken  and  blown  out  when  the 
mould  is  ready  for  pouring  the  metal. 

Another  method  is  to  take  the  object  itself  or  a  wax  model, 
such  as  that  of  a  flower,  and  suspend  it  in  a  box  while  plaster 
of  Paris  is  carefully  poured  around  it.  The  application  of  heat 
causes  the  object  to  burn  or  the  plaster  to  absorb  the  wax; 
or,  if  the  latter  be  in  excess,  it  can  be  poured  out.  The  strings 
by  which  the  object  was  suspended  are  withdrawn,  and  the 
mould  is  ready  for  casting.  The  castings  may  be  covered  with 
gold  or  silver  by  the  electrotype  process. 

The  infinite  variety  of  forms  which  the  moulder  is  called 
upon  to  reproduce,  as  well  as  the  constantly  varying  conditions 
and  materials  with  which  he  has  to  deal,  require  much  judg- 
ment, experience  and  forethought.    For  these  reasons,  also. 
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it  is  not  possible  to  explain  or  even  enumerate  in  the  space  at 
disposal  the  endless  modifications  which  are  constantly  oc- 
curring in  the  above  typical  cases.  A  glossary  of  terms  used 
in  moulding,  with  explanations  designed  to  elucidate  this 
important,  interesting  and  many-sided  art,  is  given  at  the  end 
•of  this  handybook. 


CHAPTER  III. 

m 

BENCHES  AND  APPLIANCES. 
jHE  use  of  makeshift  tools  and  appliances  will  always^ 
I  be  a  source  of  monetary  loss  and  inconvenience. 
Tools  specially  adapted  for  certain  purposes  will  not  only  pro- 
duce better  work,  but  will  do  it  in  less  time  and  at  less  ex- 
penditure of  power  and  skill,  so  that  the  advantages  of  using 
the  most  appropriate  machinery  for  doing  certain  work  is. 
obvious.  It  is  by  no  means  advisable  to  use  tools  of  a  superior 
class  to  produce  work  of  a  kind  that  can  be  made  equally  well 
with  less  expensive  machinery,  any  more  than  it  is  commend- 
able to  use  costly  exotic  wood  to  make  a  fire  with  when  cheap 
waste  is  at  hand. 

The  pattern-maker  requires  a  bench  of  some  kind,  and  in 
travelling  from  shop  to  shop  in  different  countries,  all  sorts  and 
conditions  of  benches  are  met  with,  and  at  which  the  pattern- 
maker is  expected  to  feel  at  home.  In  some  shops  the  benches 
are  made  with  a  wide  board  on  edge  in  front,  to  support  the 
top,  leaving  a  space  of  about  i8  inches  between  the  floor  and 
the  under  edge  of  this  board.  A  good  deal  can  be  stowed 
away  underneath  this  kind  of  bench,  and  one  never  knows  the 
treasures  they  cover  out  of  sight,  to  be  turned  out  by  posterity, 
or  perhaps  to  remain  for  all  time. 

The  same  sort  of  bench,  if  made  a  foot  or  so  wider,  may 
have  two  men  working  at  diagonal  corners,  and  it  becomes, 
social.  Rare  old  yarns  are  told  across  these  big  benches. 
On  a  double  bench  one's  tools,  especially  when  nice  and  sharp. 
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have  a  knack  of  travelling  to  the  other  corner,  and  the  other 
man's  idea  of  the  extent  of  his  half  of  the  top  may  sometimes, 
include  about  seven-eighths  of  its  superficies. 


Fig.  7  shows  a  bench  now  often  met  with,  and  one  which 
is  particularly  useful  for  the  work  of  pattern-making. 

The  bench  next  described  is  one  suited  to  the  small  work- 
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shop.  Fig.  8  is  a  sketch  of  it.  The  top  is  six  feet  long  and 
two  feet  broad.  It  is  in  two  pieces.  The  front  portion  is 
fifteen  inches  broad  and  two-and-a-half  inches  thick,  of  red  or 
yellow  pine,  free  from  shakes  and  twisted  growth ;  the  back 
piece  is  nine  inches  broad  and  one-and-a-half  inches  thick, 
both  rest  on  level  rails,  which  make  the  back  pieces  one 
inch  lower  than  the  front.  Along  the  back  edge  is  screwed  a 
rail  of  wood,  which  projects  upwards  one  inch,  and  is  therefore 


Fig.  cJ.  Bench. 


on  a  level  with  the  front  plank,  so  that  broad  work  will  lie 
solidly  across  the  bench.  The  object  of  having  the  back 
portion  of  this  bench  an  inch  lower  than  the  front  is  so  that 
nails  and  small  tools  or  chips  may  lie  in  it  without  interfering 
with  work  on  the  bench.  It  also  prevents  the  tools  rolling 
off  the  bench,  which  they  often  do  and  are  lost  amongst  the 
shavings. 

The  supporting  frame  of  this  bench  consists  of  two  rails 
screwed  to  the  legs,  as  in  the  sketch.  These  rails  are  five 
inches  deep  and  two  inches  thick.  Three  of  the  legs  are  four 
inches  by  two  inches,  and  the  fourth,  that  behind  the  "  lug," 
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is  six  inches  by  two  inches,  all  of  good  red  pine.  The  back 
legs  slant  inwards  towards  the  top,  the  ends  of  the  rails  being 
rounded  off.  The  lower  rails,  four  inches  from  the  floor,  are 
three  inches  by  two  inches.  The  other  three  rails  are  of  a 
length  to  make  the  frame  measure  five  feet.  Two  of  the  rails 
are  three  inches  from  the  floor,  back  and  front,  and  one  in 
front,  four  inches  below  the  top.  They  are  dovetailed  into  the 
legs,  and  fastened  with  large  screws,  so  that  the  bench  may  be 
taken  to  pieces  for  removal.  Under  the  lower  rails  a  boarding 
is  nailed  for  holding  planes,  mallets,  hammers,  &c.,  and  a 
small  drawer  is  often  put  in,  as  shown  in  the  sketch. 

The  stops  are  put  in  this 
bench ;  they  come  through 
outside  of  the  front  rail.  The 
screw,  shown  at  Fig.  9,  is  the 
same  as  before  described,  but 
of  larger  dimensions ;  and,  in 
addition  to  it,  there  is  a  side 
screw,  which  is  found  of  ad- 
vantage. The  lug  of  this 
bench  should  be  of  clean,  straight  hard  wood,  seven  inches 
broad,  cut  away  at  the  bottom  to  four  inches,  and  two  inches 
thick.  The  sword  is  two-and-a-half  inches  broad  and  five- 
eighths  of  an  inch  thick.  Sometimes  the  lug  has  a  piece  01 
hardwood  screwed  across  its  inner  face  at  the  upper  end ;  this 
piece  should  be  ten  inches  long,  six  inches  broad,  and  one 
and  a-quarter  inches  thick.  For  some  purposes  this  is  an 
advantage.    The  bench  here  shown  is  so  fitted. 

A  piece  of  wood  is  mortised  into  the  edge  of  the  "  lug,"  and 
a  similar  piece  into  the  edge  of  the  leg — they  project  outwards 
six  inches.  A  short  wood  screw  works  through  the  back- 
piece,  and  its  point  presses  against  the  piece  projecting  from 
the  lug.    The  ordinary  lug  cants  over  when  the  end  of  a  broad 
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Fig.  9.  Bench  Screw. 
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board  is  caught  in  it,  and  the  pressure  is  all  on  the  edge  of 

the  board,  which  is  very  damaging  to  a  piece  of  finished  work. 

This  side  screw  cures  this  evil,  as  it  is  turned  out  or  in  to  suit 

the  thickness  of  the  work  in  the  lug,  the  sword  at  the  bottom 

being  regulated  by  a  pin. 

In  the  front  of  this  bench  is  an  upright  post  between  the  two 

rails.    It  has  holes  for  a  pin,  as  has  also  the  right  leg.  A 

hole  is  bored  through  the  post  at  right  angles  to  the  others, 

and  in  this  the  pin  is  kept  when  not  in  use. 

For  general  purposes,  as  good  a  stop  as  one  needs  is  simply 

a  square  piece  of  hard  wood,  fitting  tightly  in  a  mortise  in  the 

bench  top.    It  is  suitable  for  the  kind  of  bench  shown  in  Fig. 

8  ;  but  for  a  bench  that  has  a  front  board  about  twelve 

inches  deep  some  modification  is  necessary  to  save  going 

down  on  one's  knees  to  knock  it  up. 

For  general  service  a  wooden  stop  is  the  best.    It  does  not 

cut  into  or  damage  the  work  so  much  as 

an  iron  one.   If  a  plane  or  other  tool  comes 

in  contact  with  a  wooden  stop  it  will  not 

destroy  the  edge  of  that  tool ;  nevertheless. 

Fig.  lo.         it  is  well  to  have  an  iron  stop  let  into  the 
Iron  Bench  Stop.   ,       ,  .  •  y     ^  lk. 

bench.    When  not  m  use  it  smks  to  the 

level  of  the  top  of  the  bench,  so  that  it  may  be  quite  out  of 

the  way  of  the  tools. 

The  special  advantages  possessed  by  an  iron  stop  over  one 
of  wood  are  :  The  teeth  of  the  iron  stop,  entering  the  wood, 
resist  this  tendency  to  slip  to  a  much  greater  extent.  And  in 
planing  thin  stuff  the  iron  stop  is  the  best,  because  the  wooden 
stop,  when  worn,  or  when  the  stuff  is  not  lying  perfectly  straight 
upon  the  bench,  allows  the  thin  board  to  raise  and  pass  over 
it  when  the  force  of  the  plane  is  applied. 

The  holdfast,  or  valet,  is  made  of  iron,  and  is  used  to  hold 
work  firmly  on  the  bench  to  be  mortised,  or  otherwise  operated 
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upon.  It  consists  of  a  round  rod  one-and-a-quarter  inch  thick, 
with  a  curved  forked  piece.  In  this  fork  is  a  lever-arm, 
fixed  between  the  jaws  with  a  pin.  The  back  end  of  the  lever 
has  a  square-threaded  screw  passing  through,  with  its  end 
coming  in  contact  with  the  heel  or  end  of  the  long  bar.  In 
using  the  holdfast,  the  bar  is  dropped  through  a  hole  in  the 
bench  top,  the  curved  end  of  the  lever  coming  down  upon  the 
work  to  be  held.  The  pressure  is  applied  by  turning  the 
the  screw  at  back  end  of  this  lever,  and  by  these  means  the 
work  is  securely  held. 

Fig.  1 1  is  a  handy  vice,  made  to  be  held  in  the  bench  lug. 
It  is  very  useful  for  holding 
small  work  to  be  sawn  with 
the  bow-saw,  as  this  tool 
can  be  got  round  such 
work  much  better  than 
when  it  is  fixed  in  the 
lug  itself ;  the  operator  can 
also  stand  erect.  It  is 
also  useful  for  holding  all 
kinds  of  small  work  to  be 
operated  upon  with  the 
chisel,  file,  spokeshave,  or 
other  tools,  as  well  as  for  holding  the  smaller  saws  to  be 
sharpened.  It  consists  of  two  sides,  or  jaws,  thirteen  inches 
long,  five  inches  broad  at  the  upper  part,  three  inches  at  the 
lower,  and  one-and-a-half  inch  thick,  of  beech  or  black  birch. 
Through  these  jaws,  five  inches  from  the  top,  passes  a  wooden 
screw  one-and-a-half  inch  diameter,  and  nine  inches  long  on 
the  screwed  part.  It  goes  freely  through  the  front  jaw,  but  is 
tapped  into  the  other.  Near  the  bottom  is  a  five-eighths  of  an 
inch  screw,  tapped  in  the  front  jaw,  and  pressing  against  the 
other  j  its  use  is  to  keep  the  jaws  parallel,  as  the  sword  does 
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the  bench  lug.  Projecting  from  the  edge  of  the  back  jaw  is 
a  piece,  six  inches  long  and  four  inches  broad ;  by  this  the 
the  vice  is  held  in  the  bench  lug.  A  small  fillet  is  screwed  to 
the  back  of  the  back  jaw,  which,  resting  upon  the  bench,  pre- 
vents the  vice  slipping  downwards  when  using  it.  The  screw- 
head,  three  inches  in  diameter,  and  about  the  same  length, 
has  a  wooden  lever  pin,  nine  inches  long  and  three-quarters  of 
an  inch  in  diameter,  passing  through  it ;  this  should  be  of  ash 
or  rose-wood. 

A  hand-screw  is  shown,  Fig.  12.    It  consists  of  two  jaws 


inches  thick,  with  one-and-a-quarter  inch  screws  about  the  same 
length.  The  second  size  has  jaws  fourteen  inches  long,  and 
screws  in  proportion.  The  third  size  has  jaws  twelve  inches 
long,  two  inches  broad,  and  one-and-a-half  inch  thick.  The 
screws  are  three-quarters  of  an  inch  in  diameter,  and  have 
the  screwed  part  nine  inches  long.  The  small  size  has  jaws 
seven-and-a-half  inches  long,  one  five-eighths  of  an  inch  broad, 
and  one  inch  thick.  The  screws  are  half-an-inch  in  diameter, 
and  have  eight  inches  screwed. 

In  making  hand-screws  the  two  jaws  are  planed  parallel, 
and  tapered  off  at  the  end  on  the  outside.  In  the  middle  of 
the  length  of  the  jaw  a  hole  is  bored  to  allow  the  screw  to  pass 


Fig.  12.  Hand  Screws. 


and  two  screws. 
There  are  several 
sizes,  and  in  a  well- 
app'ointed  shop 
generally  about  a 
dozen  of  each  size. 
The  large  size  has 
jaws  about  twenty 
inches  long,  three 
inches  broad  and 
two-a  n  d-  a-half 
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through  freely.  In  the  other  jaw,  a  hole  is  made  and  tapped 
for  the  screw,  and  at  the  end  a  second  hole  is  tapped  for  the 
second  screw.  In  the  first  jaw,  and  opposite  the  point  of  the 
back  pin,  a  shallow  hollow  is  made.  This  is  simply  to  pre- 
vent the  point  of  the  screw  slipping  when  the  hand-screw  is 
being  fixed  upon  the  work.  To  open  these  screws  speedily  to 
the  required  width,  take  the  head  of  the  middle  pin  in  your  left 
hand,  and  the  head  of  the  other  in  your  right,  and  by  twirling 
them  one  way  the  jaws  are  opened,  and  by  twirling  them  the 
other  way  they  are  as  rapidly  closed.  The  screws  should  be 
blackleadedj  and  they  then  work  easily  in  the  threads. 

Among  indispensable  tools  is  the  cramp,  made  wholly  of 
iron.  A  useful  cramp  is  one  that  will  take  in  three  feet.  This 
should  have  a  lengthening  bar,  which  will  enable  it  to  take  in 
another  three  feet.  The  lengthening  bar  is  attached  with  two 
short  bolts  and  nuts.  With  this  cramp,  and  a  pair  to  take  in 
thirty  inches,  and  another  pair  to  take  in  twenty  inches,  the 
workshop  might  be  considered  furnished  with  cramps. 

The  shooting  and  mitre  board  is  shown  at  fig.  13.  This  board 


Fig.  13.  Shooting  and  Mitre  Board. 


lies  upon  the  bench  and  against  the  stop.  Its  use  is  for  squaring 
the  ends  of  short  pieces  of  stuff,  the  plane  being  laid  upon  its 
side  and  pushed  forward,  and  as  a  mitre  board  the  plane  is 
pushed  in  the  same  way,  only  the  wood  in  this  case  is  planed 
to  an  angle  of  45°.  This  board  is  made  of  two  pieces  of  Bay 
mahogany,  each  thirty  inches  long,  six  inches  broad  and  one 
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inch  thick.  One  overlaps  the  other  two  inches,  and  they  are 
screwed  together,  thus  forming  a  lower  bed,  four  inches  broad,, 
where  the  plane  runs,  and  an  upper  bed  six  inches  broad.  The 
under-side  of  the  board  must  be  made  up  at  the  ends  by  two 
fillets  four  inches  long,  two  inches  broad  and  one  inch  thick,, 
screwed  on,  which  gives  a  level  bearing  surface  ten  inches 
broad.  A  fillet,  or  stop,  of  mahogany  is  made,  and  sunk  into 
a  shallow  groove  an  inch  from  the  fore  end,  and  at  exactly 
right  angles  with  the  edge  or  shooting  direction  of  the  plane. 
A  triangular  piece  is  made,  having  two  adjacent  edges  at  right 
angles,  and  it  must  be  placed  upon  the  board  about  the  middle 
of  the  length,  with  the  right-angle  corner  pointing  towards  the 
sole  of  the  plane,  and  the  two  edges  exactly  at  an  angle  of  45° 
with  the  sole  of  the  plane.  It  should  be  sunk  into  the  board 
for  about  one-eighth  inch,  and  fixed  with  screws.  It  has  occa- 
sionally to  be  taken  off,  to  admit  of  using  the  whole  length  of 
the  board  as  a  shooting  board. 

This  board  is  used  for  mitreing  all  mouldings  of  a  thin  flat 
description.  It  is  also  used  for  small  frame  mouldings  of  all 
kinds.  The  use  of  a  shooting  board  for  jointing  the  ends  is  a 
common  practice,  but  the  joint  is  made  more  quickly  and  is 
stronger  when  made  with  a  saw,  which  does  not  close  the  pores 
of  the  wood  as  a  plane  does  when  cutting  at  an  angle  with  the 
grain ;  and  the  short  grain  on  the  comers  is  not  so  liable  to 
break. 

An  American  mitre  planer,  imported  by  Messrs.  Churchill, 
is  shown  at  fig.  14.  It  is  made  entirely  of  iron,  and  will  plane 
any  desired  angle  on  straight  or  curved  work.  The  bed  piece 
is  semicircular,  with  guides  in  which  the  plane  runs.  The 
movable  quadrant  has  its  sides  at  right  angles ;  these  act  as 
guides  for  the  material  to  be  planed ;  it  rotates  on  the  stud  A, 
and  can  be  placed  at  any  angle.  When  in  the  centre,  a  mitre 
joint  is  planed.    The  adjustable  guides,  which  are  fixed  by  the 
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screws  D  D,  are  used  when  pieces  of  oval  or  circular  form  are 
to  be  planed  accurately  to  gauge. 

Glue  is  used  by  pattern  makers  for  joining  the  worlc.  The 
surfaces  of  the  wood  to 
be  united  should  be  clean, 
dry  and  true  3  they  should 
be  brought  together  as 
tightly  as  possible,  so  that 
the  superfluous  glue  is 
squeezed  out.  The  cohe- 
sion of  a  piece  of  solid 
glue  is  found  to  be  such 
that  if  two  pieces  of  board 
had  been  well  glued  to- 
gether the  wood  would 
yield  in  its  substance 
before  the  glue.  The 
strength  of  common  glue 
for  coarse  work  is  in- 
creased by  the  addition 
of  a  little  powdered  chalk. 

Glue  is  prepared  from 
waste  pieces  of  skin, 
horns,  hoofs  and  other 
animal  offal.  These  are 
steeped,  washed,  boiled, 
strained,  melted,  re-boiled 
and  cast  into  cakes,  which 
are  then  dried.  The  strongest  kind  of  glue  is  made  from 
the  hides  of  oxen ;  that  from  the  bones  and  sinews  is  weaker. 
Good  glue  should  be  hard  in  the  cake,  of  a  dark  colour, 
almost  transparent,  free  from  black  or  cloudy  spots,  and  with 
ittle  or  no  smell.    The  best  sorts  are  transparent,  and  of  a 
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clear  amber  colour.  Inferior  kinds  are  sometimes  contami- 
nated with  the  lime  used  for  removing  the  hair  from  the  skins 
of  which  they  are  made.  The  best  glue  swells  considerably 
(the  more  the  better)  when  immersed  in  cold  water,  but  does 
not  dissolve,  and  returns  to  its  former  size  when  dry.  Inferior 
glue,  made  from  bones,  will,  however,  dissolve  almost  entirely 
in  cold  water. 

In  using  glue,  break  it  into  small  pieces,  cover  it  with  cold 
water,  and  let  it  stand  for  from  twelve  to  twenty-four  hours,  so 
that,  as  already  mentioned,  it  swells  to  many  times  its  original 
bulk.  The  soaked  pieces  are  melted,  without  more  water, 
over  a  slow  fire  and  kept  simmering  for  about  a  quarter  of  an 
hour,  with  frequent  stirring.  When  cooled  it  is  a  firm  jelly,  of 
such  a  consistence  as  very  readily  to  be  cut  by  any  instrument, 
but  too  stiff  to  be  tremulous.  When  wanted  to  be  used,  it  is 
merely  warmed,  which  renders  it  sufficiently  fluid  to  be  spread 
over  the  surface  of  the  wood  with  a  stiff  brush.  Wood  joined 
by  glue  requires  from  one  to  three  days  to  be  perfectly 
cemented,  which  is  known  by  the  hardness  of  the  portion  that 
remains  on  the  outside  of  the  joining,  and  the  force  of  cohesion 
of  the  best  glue  is  such  that  boards  such  as  commonly  used 
will  quite  as  readily  give  way  to  violence  at  any  other  part  of 
the  substance  as  at  the  joining.  Glue  will  not  set  in  a  freezing 
temperature,  the  stiffening  being  prevented  by  great  cold. 

The  hotter  the  glue  is  when  applied,  the  greater  will  be  its 
binding  power  in  holding  surfaces  together ;  therefore,  in  all 
large  and  long  joints  glue  should  be  apphed  as  soon  as  possible 
after  boiling. 

When  glue  is  constantly  required  special  appliances  are 
used  to  keep  a  supply  in  readiness,  and  Fig.  15  shows  Richards' 
Improved  Steam  Glue  Oven  which  is  made  with  double  plates 
throughout,  so  that  the  pots  do  not  come  in  contact  with  the 
steam  or  water.    The  steam  chamber  is  cast  in  one  piece,  and 
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there  is  a  joint  where  the  flange  is  bolted  on  at  the  bottom. 
Steam  and  waste  pipes,  with  screw  valves,  are  fitted  on  each 
side,  as  shown.  In  front  is  a  pet  cock,  for  drawing  off  the  hot 
water  for  mixing  with  the  glue.  There  are  three  pots  of  iron, 
galvanised,  which  are  turned  at  the  flanges,  so  as  to  make  a 
tight  joint  and  prevent  loss  of  heat.  In  the  No.  i  size,  the 
central  pot,  used  for  melting,  holds  one  gallon,  and  those  at 
the  end  one-third  gallon  each.    A  galvanised  sheet-iron  water 


Fig.  15.  Steam  Glue  Oven. 


bucket,  to  hold  one  gallon,  is  also  included  with  the  ovens. 
In  the  No.  2  size  all  the  pots  are  of  the  same  size,  holding  each 
two  gallons.  The  floor  space  occupied  by  the  No.  i  size  is 
three  feet  by  two  feet,  and  the  No.  2  size  three  feet  by  three 
feet.  There  are  a  large  number  of  these  ovens  in  use,  and 
they  are  strongly  recommended  by  the  makers  for  their 
deanhness  and  safety  from  leakage. 

Glue  loses  much  of  its  strength  by  frequently  re-melting, 
and  that  which  is  freshly  made  is  preferable  to  that  which  is 
re-boiled.    In  melting  ordinary  glue  in  the  double  vessel  con- 
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taining  water,  it  is  an  excellent  plan  to  add  salt  to  the  water 
in  the  outer  vessel.  It  will  not  boil  then  until  heated  consider- 
ably above  its  ordinary  boiling  point ;  and  the  heat  is  retained 
longer.  Glue  may  be  freed  from  the  foreign  animal  matter 
generally  in  it  by  softening  it  in  cold  water  and  washing  it 
several  times  till  it  no  longer  gives  out  any  colour,  then 
bruising  it  with  the  hand,  and  placing  it  in  a  linen  bag 
beneath  the  surface  of  a  large  quantity  of  water  at  66°  Fahr. 
The  pure  glue  is  retained  in  the  bag,  and  the  soluble  impuri- 
ties pass  through.  If  the  softened  glue  be  heated  to  122' 
and  filtered,  some  other  impurities  will  be  retained  by  the 
filter,  and  a  colourless  solution  of  glue  obtained. 

As  ordinary  glue  readily  absorbs  moisture,  it  is  very  liable 
to  cause  trouble  if  not  protected  from  the  damp  moulding 
sand.  Glue  may  be  made  waterproof  by  adding  to  it  bichro- 
mate of  potash,  which  should  be  previously  dissolved  in  water. 


CHAPTER  IV. 


HAND  TOOLS. 

§AWS  are  first  in  the  lists  of  wood  working  tools,  as 
with  these,  the  first  operation  upon  wood  is  performed. 
The  ordinary  wood  worker  has  some  six  or  eight  saws,  com- 
prising the  rip,  cross-cut,  panel,  tenon,  dovetail,  bow  and 
keyhole. 

The  first  is  used  for  cutting  wood  in  the  direction  of  the 
grain.  The  blade  is  twenty-eight  inches  long.  It  has  three 
teeth  to  the  inch,  which  are  sharpened  square  across  the 
blade,  and  are  set  very  much  forward. 

The  cross-cut  saw  is  twenty-six  inches  long  in  the  blade, 
and  the  teeth,  four  to  the  inch,  are  sharpened  at  an  angle  of 
about  60°  with  the  blade.  The  teeth  of  these  saws  are  set 
to  clear  the  draught  in  sawing,  for  without  set  they  would  bind 
in  the  kerf.  This  set  consists  in  every  alternate  tooth  being 
bent  outwards  one  way,  the  remaining  teeth  bent  in  an  equal 
degree  the  other  way.  Every  alternate  notch  is  filed  with  the 
file  pointing  to  the  right,  at  an  angle  of  60° :  and  the  interme- 
diate notches  are  filed  with  the  file  pointing  to  the  left  at 
the  corresponding  angle.  The  outer  corner  of  each  tooth  is 
thus  brought  up  to  an  acute  point  3  and  looking  along  a 
properly  set  cross-cut  saw,  an  angular  furrow  is  shown  along 
the  teeth. 

The  panel  saw  is  the  same  length  as  the  cross-cut,  but  has 
seven  teeth  to  the  inch.  The  teeth  are  sharpened  at  right 
angles  with  the  blade  like  the  rip  saw,  but  are  not  so  much 
set  forward  ;  it  is  an  excellent  saw  for  either  light  ripping  or 
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cross-cutting ;  and  with  this  saw  in  his  possession  the  pattern 

maker  may  dispense  with  the  other  two  described  above  

they  being  used  only  for  heavy  sawing. 

The  tenon,  or  sash,  saw,  Fig.  i6,  has  a  thin  blade,  fourteen 
inches  long,  with  a  brass  or  iron  back  to  stiffen  it,  and  a  closed 


Fig.  1 6.  Tenon  Saw. 


handle.  It  is  used  for  every  kind  of  sawing,  whether  with  the 
grain  or  across,  and  particularly  for  ripping  off  the  cheeks  of 
tenons. 

The  dovetail  saw,  Fig.  17,  is  used  for  dovetailing,  as  its 
name  implies,  besides  for  an  in- 
finity of  small  work.    It  has  a 
very  thin  blade,  ten  inches  long, 
very  fine  teeth,  a  brass  back.         Fig.  17.  dovetail  Saw. 
like  the  tenon  saw,  and  an  open  handle. 

The  bow  saw  is  a  most  useful  tool  for  all  kinds  of  small 
curved  sawing.  It  consists  of  a  frame  made  of  beech  or 
rosewood;  the  two  ends  are  held  apart  by  a  stretcher  let 
into  them  by  a  short  tenon,  near  the  middle  of  their  length  ; 
through  the  lower  ends,  the  handles  are  inserted,  having  short 
brass  rods  riveted  through  them ;  the  inner  ends  of  the  rods 
are  slit  to  receive  the  saw-blade.  A  strong  cord  is  wound 
round  the  opposite  ends  of  the  frame,  and  by  means  of  a 
short  wooden  lever  the  cord  is  tightened  by  twisting,  which 
pulls  apart  the  lower  ends  and  tightens  the  saw-blade.  Both 
handles  carrying  the  blade,  which  is  twelve  inches  long,  turn 
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in  the  holes,  and  thus  facilitate  getting  round  curves.  In  using 
this  saw  the  work  is  held  m  the  ''  lug,"  and  the  saw  is  held 
by  one  handle,  the  forefinger  passing  round  the  front  in  front 
of  the  handle.  The  teeth  of  the  saw  are  pointing  from  you  j. 
consequently,  the  sawing  is  done  with  the  push  forward,  not 
with  the  pull  back. 

The  keyhole  saw  consists  of  a  handle  about  nine  inches 
long,  with  a  brass  ferrule.  It  is  pierced  with  a  narrow  slit 
from  end  to  end,  and  the  blade,  which  is  very  narrow  at 
the  point,  and  has  five  teeth  to  the  inch,  may  be  shortened 
or  lengthened  at  pleasure  by  means  of  the  hole  in  the 
handle,  and  fixed  at  any  desired  length  by  two  binding- 
screws  in  the  ferrule.  This  saw  is  handy  where  the  bow 
saw  cannot  be  used. 

Planes  are  the  tools  chiefly  used  for  smoothing  the  surface 
of  wood  after  it  has  been  sawn  to  approximate  size.  The 
stocks  of  planes  are  now  made  both  in  wood  and  in  iron. 
Iron  planes  bear  the  same  names,  and  are  used  for  the 
same  purposes  as  those  made  of  wood,  but  they  are  more 
costly. 

Some  people  prefer  wood,  but  iron  planes  are  rapidly 
making  their  way,  as  they  deserve  to,  having  several  good 
points  which  the  wooden  planes  have  not.  Unless  a  plane 
is  straight  we  cannot  expect  to  plane  straight  with  it.  A 
round  plane  planes  hollowj  and  a  hollow  plane  planes  round., 
A  wooden  plane  is  constantly  changing  it  shape,  in  a  more  or 
less  perceptible  degree,  for  reasons  that  are  constantly  operat- 
ing, viz.  :  the  wear  of  the  work,  and  tension  produced  by  the 
wedge,  and  the  dry  or  moist  state  of  the  atmosphere.  It  is 
usual  for  a  workman,  who  has  some  particularly  accurate 
planing  to  do,  to  commence  by  first  "truing"  his  plane. 
Every  time  the  sole  of  a  plane  is  dressed,  the  mouth  becomes, 
a  little  wider,  and  at  last  it  gets  so  wide  that  shavings  stick 
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in  it,  and  trip  the  plane  out  of  its  cut,  A  plane  with  a  wide 
mouth  has  a  tendency  to  cut  deeper  than  set  for,  when  it 
approaches  the  end  of  the  board.  An  iron  plane  practically 
does  not  wear  at  all.  There  is  no  wedge  to  spring  it ;  it 
is  not  affected  by  the  weather,  and  its  mouth  remains  the 
same  size. 

In  a  wooden  plane  the  cutter  is  fixed  in  its  place  by  blows 
of  the  hammer  on  a  wedge.  It  is  loosened  by  blows  upon 
the  plane  itself.  No  tool  on  the  bench  has  a  more  worn  and 
battered  appearance  than  the  plane.  Blows  of  a  hammer 
deliver  a  very  uncertain  pressure.  A  wooden  plane  might  be 
true  when  three  blows  were  struck  on  the  wedge;  a  fourth 
blow  might  curve  it.  The  knife  in  an  iron  plane  is  held 
down  by  an  at  all  times  equal  pressure ;  the  depth  of  cut  can 
be  regulated  to  a  nicety  and  with  the  greatest  ease. 

Iron  planes  are  a  little  heavier  than  wooden  ones.  An 
occasional  touch  of  oil  makes  these  iron  planes  glide  like  a 

skate  over  a  piece 
of  ice.  Before  the 
introduction  of  iron 
planes  we  had  no- 
thing to  plane  circu- 
lar curves  with.  You 
could  have  a  bow- 
plane  to  fit  any  circle, 
but  it  would  fit  only 
the  curve  it  was  made 
for.  Now  we  have 
(Fig.  1 8),  a  plane  with 
a  spring  steel  sole,  which  may  be  adjusted  to  suit  any  circle 
down  to  thirteen  inches  diameter,  internally  or  externally. 
It  is  the  pioneer  plane  of  its  kind  ;  there  is  nothing  else 
like  it. 


\ 


Fig.  i8.  Adjustable  Circular  Plane. 
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Iron  planes  have  a  decided  advantage  over  wooden  ones 
for  many  purposes.  The  iron  half-long  being  planed  accu- 
rately on  the  sole,  makes  the  long  joints  with  much  greater 
facility,  and  does  not  get  out  of  truth  like  the  wooden  one. 
The  iron  panel  plane  gets  up  a  smooth  surface  on  hard  wood 
much  better  than  the  wooden  one.  The  iron  smoothing  plane 
has  a  similar  advantage  over  that  of  wood ;  and  the  iron  rabbet 
plane  may  be  said  to  be  almost  indispensable.  These  are 
made  with  the  soles  from  half- an -inch  to  one  inch  wide,  the 
sole  and  sides  being  iron  filled  in  with  wood.  A  useful  size  is 
five-eighths  of  an  inch,  which  has  two  irons,  one  being  near  the 
front.  It  is  used  for  cleaning  out  the  square  angular  corners 
•of  mouldings,  checks  for  panels,  etc. 

A  great  variety  of  iron  planes  are  now  imported  from 
America.  They  are  generally  made  of  cast-iron.  The  home- 
made ones  are  malleable  iron,  often  filled  in  with  wood, 
giving  them  a  more  substantial  appearance.  American  are 
largely  used,  being  cheaper  and  generally  lighter  to  handle. 
One,  the  American  iron  smoothing  plane,  has  a  handle  similar 
to  a  half-long  plane  :  behind  this  handle  is  an  adjusting  screw, 
by  which  the  cutting  iron  can  be  moved  backwards  or  for- 
wards to  a  nicety,  and  the  means  used  to  fasten  the  iron  is 
very  simple  and  effective.  The  plane  is  light,  and,  having  the 
handle,  can  be  used  with  one  hand.  It  is  invaluable  for 
smoothing  cross-grained  hard  woods  and  many  other  purposes. 

The  usual  bench  planes  comprise  the  jack  plane,  which  is 
the  first  that  is  applied  to  the  wood  after  being  sawn ;  it  is  seven- 
teen inches  long,  and  has  an  iron  or  cutter  two-and-one-eighth 
of  an  inch  broad.  Immediately  behind  the  iron  is  a  handle 
similar  to  that  of  a  saw.  In  use  it  is  grasped  by  the  right  hand 
only  in  planing  fir,  but  in  heavy  planing,  and  especially  hard 
wood,  it  is  necessary  to  place  the  left  hand  across  the  front  of 
the  plane  to  press  it  down,  as  it  is  too  light  of  itself  for  the 
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iron  to  take  hold  of  the  wood.  When  using  both  hands  to 
the  plane,  the  left  is  placed  with  the  four  fingers  lying  across 
the  top  near  the  fore  end,  the  thumb  passing  down  the  near 
side.  In  order  to  remove  the  irons  for  sharpening,  the  plane 
is  tapped  on  the  upper  side,  near  the  fore  end,  with  a  hammer. 


Fig.  19.  Steel  Jack  Plane. 


Two  taps  should  loosen  the  wedge  and  the  irons.  In  setting: 
up  after  sharpening,  the  back  end  of  the  cutting  iron  is  tapped 
to  give  more  iron ;  and  to  give  less  iron  the  fore  end  of  the 
plane  stock  is  tapped  gently.  To  set  the  iron  evenly  with  the 
mouth,  it  is  tapped  on  the  edge  behind  the  wedge.  During 
this  process  of  setting  the  iron,  the  eye  is  travelling  along  the- 
sole  of  the  plane,  the  end  resting  on  the  bench.  A  little 
practice  enables  the  operator  to  set  his  iron  very  quickly. 


Fig.  20.  Wooden  Half-Long  Plane. 


The  half  long  plane  is  from  twenty-two  inches  to  thirty 
inches  long;  the  longer  sizes  being  called  jointers.  Twenty- 
four  inches  is  the  most  suitable  length  for  ordinary  purposes. 
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It  has  an  iron  like  the  jack,  two-and-a-half  inches  broad,  and  a 
slightly  different  handle.  This  plane  is  used  for  dressing  the 
wood  after  the  jack,  as  it  takes  off  the  ridges  left  by  that  plane, 
and  produces  a  more  even  surface.  It  is  also  used  for  squaring 
up  and  bringing  the  pieces  to  the  desired  measurements  pre- 
vious to  framing  them  together — and  from  its  great  length  is 
well  adapted  for  making  long  pieces  practically  straight  on  the 
edges — and  for  joining  two  or  more  pieces  together  to  form  a 
broad  piece,  it  is  indispensable. 

The  smoothing  plane,  for  fine  or  other  soft  woods,  is  nine 
inches  long,  having  an  iron  two-and-a-quarter  inches  wide  on 
the  cutting  face.  The 
cutting  iron  has  the  same 
pitch,  or  angle  with  the 
sole,  as  the  half-long.  The 
stock  of  this  plane  has 
the  sole  and  top  parallel, 
but  the  sides  are  curved, 

making  the  two  ends  nar- 

,  ,  Fig.  21.  Iron  Smoothing  Plane. 

rower  than   the  centre. 

The  irons  are  held  in  place  by  a  wedge,  but  this  plane  has  no 
handle,  and  when  using  it,  is  held  by  both  hands,  the  right 
behind,  and  the  left  before,  unless  occasionally  when  it  is 
necessary  to  hold  or  steady  the  work  with  the  left  hand,  then 
the  right  grasps  the  back  part  of  the  plane.  This  plane  is 
used  to  put  the  finishing  surface  on  the  work  in  hand.  After 
the  drawing  in,  mortising,  tenoning,  dove-tailing,  etc.,  have 
been  done,  and  before  a  job  is  put  together,  all  the  parts  that 
cannot  afterwards  be  operated  upon,  are  finished  with  this 
plane. 

The  smoothing  plane  for  hard  woods  is  in  shape  the  same 
as  the  above,  but  only  seven-and-a-half  inches  or  eight  inches 
long,  with  a  two-inch  iron  is  set  at  a  higher  pitch — that  is,  it 
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does  not  slant  back  so  much.  This  plane  is  used  for  the 
same  purpose  in  the  finishing  of  hard  woods  as  the  other  is 
for  pine. 

The  toothed  plane  has  a  stock  similar  to  the  hard  wood 
hand  plane,  but  the  iron,  instead  of  having  a  cutting  edge, 
presents  a  series  of  sharp  teeth  to  the  wood.  This  serrated 
edge  is  formed  by  long  narrow  groves  on  the  face  of  the  iron 
next  the  wedge,  and  when  the  iron  is  ground  in  the  usual 
manner  these  ridges  terminate  in  sharp  points.  In  setting-up 
this  iron  on  the  oil-stone  only  the  ground  back  is  applied  to 
the  stone.  The  position  of  this  iron  in  the  stock  is  nearly 
perpendicular,  so  that  it  is  simply  a  scratch  plane,  and  to  do 
this  it  needs  no  cover  like  the  others.  Its  use  is  to  roughen 
the  surfaces  of  pieces  to  be  glued  together,  for  while  it  takes 
off  the  ridges  left  by  the  half-long  or  panel  plane,  it  roughens 
the  surface  by  scratching,  thereby  adapting  it  better  to  hold 
the  glue. 

The  core-box  plane  is  specially  a  pattern  maker's  plane 
generally  known  by  the  above  name,  but  as  core-boxes  are  of 
all  shapes,  it  would  seem  that  "  half-circle  plane  "  would  be  a 
more  fitting  name  for  it.  Its  action  depends  upon  the  fact,  as 
demonstrated  in  Euclid  (Book  III.,  prop.  31),  that  "the  angle 
in  a  semi-circle  is  a  right  angle." 

If  two  pins  be  stuck  in  the  bench  and  a  square  be  held 
against  the  pins,  and  moved  so  that  the  blade  and  back  of  the 
square  slide  against  the  pins,  then  the  apex  of  the  square  wi  1 
describe  a  perfect  half-circle. 

The  core  box  plane,  a  top  view  of  which  appears  in  Fig.  22, 
and  an  end  view  in  Fig.  23,  is  seldom  to  be  met  with  in  tool 
warehouses,  so  those  pattern  makers  who  require  it  generally 
make  it  for  themselves.  Fig.  22  shows,  perhaps  the  readiest 
method  of  constructing  one  of  these  useful  tools.  A  common 
round  plane,  No.  12  size,  has  its  sole  planed  to  a  right  angle, 


CORE  BOX  PLANES. 


SI 


Fig.  22.  Core  Box  Plane 
(Elevation). 


having  the  apex  of  the  angle  in  the  centre  of  the  plane.  Take 
two  pieces  of  beech,  or  other  hard  wood,  ten  inches  long,  and 
seven  inches  wide,  glue  them  to  the  plane,  level  with  the  faces 
previously  planed  on  its  sole ; 
strengthen  by  the  addition  of 
the  four  brackets  shown  at  the 
corners.  The  mouth  of  the 
plane  should  be  recessed  to 
give  free  exit  for  shavings,  so 
that  the  plane  can  be  easily 
cleaned  out  if  it  chokes.  A  handle  should  be  fitted,  and,  of 
course,  the  cutting  iron  will  need  to  be  ground  to  suit  the  new 
shape. 

Some  take  a  rabbet-plane  and  fix  one  piece  to  it,  so  that  the 
plane  itself  forms  one  side  of  the  right  angle.  This  is  a  simple 
method,  but  the  shavings  do  not  come  out  so  well.  Others 
make  it  out  of  a  sohd  piece,  or  the  middle  piece  is  solid  and 
the  sides  are  added,  as  Fig.  22.  Or 
the  middle  piece  is  made  in  halves, 
for  convenience  in  cutting  out  the 
mouth.  All  these  methods  are  good 
if  properly  carried  out,  except  the 
one  that  employs  the  rabbet-plane. 
The  manner  of  using  the  core-box 
plane  is  shown  in  Fig.  23.  The 
dotted  line  is  the  half-circle  to  be 
worked  out.  Having  roughly 
gouged  out  a  portion  of  the  material,  make  the  checks  a  and  b 
by  using  the  straight-edge  <r  as  a  guide.  Now  that  the  plane 
has  a  good  start,  remove  the  straight-edge  and  continue 
planing,  using  the  gouge  occasionally,  as  the  margin  of  stuff 
becomes  too  wide  for  the  width  of  the  plane-iron.  A  taper 
half-round  box  may  be  planed  out  with  this  tool  as  easily  as  a 


Fig.  23.  Core  Box  Plane 
(End  View). 
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half-cylinder,  and,  as  the  work  is  done  on  a  correct  principle, 
true  cylindrical  or  conical  surfaces  are  produced  in  the  planed 
core  boxes. 

The  Router,  or  old  woman's  tooth,  is  a  simple  plane  to 
make.    The  stock  is  often  made  of  a  piece  of  hard  wood 


b'lg.  24.  Iron  Block  Plank. 


about  six  inches  by  four  inches  by  three  inches.  A  taper  mor- 
tise is  cut  through  the  thickness  of  the  wood  to  accommodate  a 
cutter  half-an-inch  wide  with  a  wedge  behind  it.  A  piece  is  to 
be  cut  out  of  the  middle  of  the  sole  in  front  of  the  iron,  as  an 
escapement  for  shavings.  These  are  all  the  essentials,  though 
a  graceful  shape  is  generally  given  to  the  stock  by  the  maker. 
The  use  of  this  tool  is  to  plane  out  grooves  of  any  required 
depth,  which  is  done  by  tapping  down  the  iron  at  every  fresh  cut 


Fig.  25.  Combined  Bull  Nose&  Block  Plank.      Bull  Nu.-k  Plane. 


until  the  full  depth  is  reached.  Cutters  of  differing  shapes 
may  be  employed  and  guides  may  be  screwed  to  the  sole; 
with  these,  recesses  may  be  worked  out  having  a  curved  form 
at  the  bottom,  and  always  in  a  certain  position  m  any  number 


MISCELLANEOUS  PLANES.  53 

of  pieces.  It  is  slow  in  its  action  and  liable  to  chatter  when 
the  iron  extends  far  below  the  sole. 

Fig.  25  shows  an  American  plane  having  two  distinct  slots 
or  cutter  seats,  so  that  the  iron  can  be  shifted  to  form  either 
a  Bull  nose  plane  or  a  Block  plane. 

Fig.  27  shows  another  American  plane  arranged  to  cut 
chamfers  to  any  ordinary 
width.  The  front  part  of 
the  plane  carries  the  cut- 
ter, it  slides  upon  the 
back  part,  and  can  be 
champed  where  desired. 
With  the  front  part  brought 
down  to  be  level  with  the 
back,  this  plane  forms  an  Fig-  27-  Adjustable  Chamfer  Plane. 
ordinary  bench  plane. 

A  mitre  plane  is  the  kind  to  use  on  the  shooting  board  and 
mitre  block.  It  has  the  iron  two-and-a-half  inches  broad,  it  lies 
very  flat  down,  and  has  the  ground  side  uppermost ;  and  the 
opening  in  the  sole  is  a  mere  slit.  This  plane  is  the  best  for 
hard  wood,  but  good  work  may  be  and  is  done  with  the  half- 
long  for  the  shooting  board  and  the  hand  plane  for  the  mitre 
block. 

Apart  from  the  common  bench  planes  there  are  a  host  of 
others,  and  some  of  them  cannot  well  be  dispensed  with  in 
pattern  making.  Hollows  and  rounds  are  very  useful,  as  with 
them  mouldings,  both  internal  and  external,  may  be  worked. 
They  go  in  pairs,  each  round  having  its  corresponding  hollow ; 
and  there  are  sixteen  pairs  in  a  full  set,  from  one-eighth-of-an 
inch  to  two  inches.  But  eight  pairs  or  a  half  set  are  generally 
used. 

The  plough  has  eight  irons,  ranging  from  one-eighth-of-an 
inch  to  five-eighths-of-an  inch.    It  has  a  moving  "fence,"  and 
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is  used  for  all  kinds  of  joining  by  feather  and  tongue,  and 
with  the  groove  running  with  the  grain  of  the  wood. 

The  rabbet  plane,  for  hard  wood,  is  seven-eighths-of-an  inch 

broad,  the  cutting 
it  makes  being  of 
the  same  breadth ; 
the  mouth  runs 
square  across  the 
sole.  That  for  soft 
wood  is  one-and- 

a  -  quarter  inch 

Fig.  28.  Iron  Bull  Nose  Rabbet  Plane. 

broad,  and  has  the 

mouth  and  cutter  running  obliquely  across  the  sole,  and  the 
iron  is  not  so  high  in  "  pitch  "  as  for  hard  wood. 

The  fillister  is  a  rabbet  plane  with  a  "fence"  and  a  guide 
for  working  to  a  given  depth  and  width. 

Two  or  three  pairs  of  match  ploughs,  from  three-eighths-of- 
an  inch  upwards,  are  also  useful. 

The  draw-knife  is  a  tool  almost  equal  to  the  axe  for  making 
chips,  in  shaping  work.   A  draw-knife  is  shown  in  Fig  29.  Both 


Fig.  29.  Draw-knife  with  Adjustable  Handles. 


its  handles  are  adjustable.  On  the  right  hand  is  shown  the 
method  of  attaching  the  handles.  By  slacking  the  nut  the 
handles  may  be  drawn  back  and  adjusted  to  any  angle.  Teeth 
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in  the  handle  engage  with  teeth  on  the  shank  of  the  knife,  so 
that  when  the  nut  is  again  tightened  the  handle  is  fixed  in  its 
new  position.  This  improved  draw-knife  can  be  got  to  work 
in  places  inaccessible  with  the  ordinary  tool. 

The  spokeshave,  Fig.  30,  has  its  blade  in  the  centre,  and  a 
handle  at  each  end,  and  is  used  for  taking  off  shavings  from 
narrow  surfaces  where  perfect  evenness  is  not  essential.  Iron 
planes  suggest  iron  spokeshaves,  which  are  far  ahead  of  the  old 


Fig.  30.  Spokeshave. 

wooden  spokeshave,  with  its  cutting  tool  like  a  square  staple, 
the  horns  of  which  prevent  its  being  ground  upon  a  grind- 
stone. We  now  have  an  iron  spokeshave  which  can  be 
sharpened  as  easily  as  a  plane,  and  it  is  adjustable  to  suit 
different  curvatures. 

The  square  has  the  stock  made  of  wood  with  a  steel  blade 
set  at  right  angles,  both  handle  and  blade  being  straight  edges. 
Besides  these  there  are  other  squares — the  twelve-inch  stecl- 
bladed  and  large  wooden  ones,  up  to  three  feet  in  length.  The 
bevel  is  somewhat  similar, but  the  blade  is  adjustable  toany  angle. 
The  mitre  bevel  is  made  of  wood,  and  resembles  the  square 
and  the  bevel ;  its  blade  is  fixed  at  an  angle  of  45°.  Usually 
blades  are  one-sixteenth  of  an  inch  thick,  and  the  stock  five- 
eighths  of  an  inch,  both  being  about  two  inches  broad.  This 
is  useful  for  marking  off  at  an  angle  of  45°,  pieces  of  any  sort 
to  be  mitred  together. 

There  are  three  distinct  gauges — the  marking,  the  cutting, 
and  the  mortise  gauge.  Each  has  a  shank  about  nine  inches 
long,  with  a  head  or  block  to  slide  along  it.    The  marking 
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gauge  has  a  spike  inserted  near  the  end  of  the  shank,  and  the 
moveable  head  is  fixed  by  a  screw  or  a  wedge  at  any  required 
distance  from  the  spike.  Its  use  is  to  make  a  mark  on  the 
wood,  parallel  to  an  edge  previously  straightened,  and  along 
which  the  head  of  the  gauge  is  guided. 

The  cutting  gauge  has,  instead  of  the  spike,  a  thin  steel 
blade  passing  through  the  shank,  and  fixed  by  a  screw.  This 
blade  being  sharpened  makes  a  cut  either  with  or  across  the 
grain.  It  is  used  for  gauging  all  kinds  of  work,  for  cutting  through 
thin  wood  to  a  given  breadth,  and  many  similar  purposes. 

The  mortise  gauge  has  two  spikes,  one  fixed  and  the  other 
moveable  by  means  of  a  screw  in  the  end  of  the  shank.  It 
is  used  for  gauging  all  kinds  of  mortise  and  tenon  work. 

Other  indispensable  tools  are  : — two-foot  rule,  oilstone  slips, 
oilcan,  glue-pot  mallets,  hammers,  nail  punches,  compasses 
rasps  and  floats,  brace  and  bits,  dowel-plate,  scraper,  screw- 
drivers, and  sets  of  chisels,  gouges,  gimlets  and  bradawls. 

Fig.  3 1  shows  a  bit  particularly  handy  for  boring  holes  of 
unusual  diameter,  it  being  adjustable  to  any  size  within  the 

limits  of  its  range. 
Two  sizes  are 
made,  one  boring 
from  half-an-inch 
to  one-and-a-half 
inch,  the  other 
from  seven-eighths 
of  an  inch  to  three 
inches.  It  is  an 
American  tool. 

The  American  drill  shown  at  Fig.  32  is  particularly  useful  for 
boring  holes  through  wood  where  several  pieces  join,  as  the 
drill  will  not  run  out  of  its  true  direction.  The  centre  and  the 
cutting  lips  can  be  renewed  as  they  wear. 


Fig.  31.  Expansion  Bit. 
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The  dowel-plate  is  a  steel  plate  about  half-an-inch  thick, 
with  holes  from  three-sixteenths  of  an  inch  to  half-an-inch,  and 
the  bits  correspond  so  that  dowel  pins  made  in  the  holes  will 
fit  holes  made  by  the  corresponding  bits.  The  scraper  is  a 
bit  of  steel  plate  about  the  thickness  of  a  handsaw  blade ;  it  is 
five  inches  by  three  inches.  Its  use  is  to  take  off  any  ridges 
left  by  the  smoothing-plane  in  planing  hard  wood,  produces  a 


Fig.  32.  Twist  Drill  for  Boring  Wood. 

surface  free  from  lumpiness,  and  is  used  before  the  glass 
paper.  Glass-papering  is  done  with  the  paper  wrapped 
round  a  piece  of  cork.  The  usual  size  of  which  for  large  flat 
surfaces  is  five  inches  by  four  inches,  and  about  one  inch 
thick.  One  side  is  made  quite  flat,  and  on  this  the  paper  is 
placed.  Pieces  of  cork  are  used  for  glass-papering  all  kinds 
of  hollows,  rounds,  mouldings,  etc.,  the  cork  being  shaped 
with  the  rasp  to  fit  the  part  to  be  papered. 


CHAPTER  V. 


MACHINE  TOOLS. 

|N  idea  prevails  that  machinery  is  not  well  adapted  for 
pattern  making  on  account  of  the  endless  variety  of 
work  to  be  produced.  This  idea  is,  however,  not  founded  on 
fact,  and  the  judicious  use  of  suitable  machinery  is  distinctly 
advantageous,  both  in  cost  and  in  quality  of  the  work  pro- 
duced. Few  English  firms  have  as  yet  made  much  progress 
in  producing  the  machine-tools  required  for  pattern  making, 
and  those  shown  in  this  chapter  are  mostly  from  one  firm — 
Geo.  Richards  and  Co.,  Limited. 

Lathes  are  the  machines  claiming  early  consideration  under 
this  heading,  but  as  the  subject  of  wood  turning  forms  the 
matter  of  another  handybook  in  this  series,  the  attention  will 
be  here  confined  to  some  lathes  specially  constructed  for 
pattern  makers. 

In  every  pattern  maker's  shop  there  is  a  large  amount  of 
turning  of  hubs  and  bosses,  and  face  plate  work  generally ;  in 
fact,  sufiici'ent  to  give  almost  constant  work  to  a  small  handy 
lathe. 

Let  us  pass  lightly  over  the  ordinary  pattern-maker's  lathe  j 
it  is  a  tool  that,  with  slight  exceptions,  reached  its  maturity  in 
the  far  past.  There  is  very  little  that  is  new  about  it.  Two 
ideas  that  have  been  very  generally  put  into  practice  on  this 
kind  of  lathe — one,  the  tripod  tool-rest ;  and  the  other,  cutting 
a  left-hand  screw  on  the  tail-end  of  the  mandrel.  This  saves 
the  trouble  of  turning  the  headstock  around  on  the  bed  when- 
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ever  a  job  has  to  be  turned  which  was  too  large  to  clear  the 
bed  of  the  lathe.  The  tripod,  shown  in  Fig.  33,  is  a  very  useful 
contrivance.  It  stands,  like  a  three-legged  stool,  upon  the 
floor,  is  readily  shifted,  and,  though  light,  is  sufficiently  steady. 

Fig.  33  shows  Richard's  standard  form  of  face  plate  lathe 
for  general  work,  a  small  face  plate  lathe  capable  of  taking  the 
greater  share  of  such  work  in  ordinary  pattern  making.  It  is 
constructed  entirely  of  iron,  and  is  arranged  for  turning  pieces 
up  to  four  feet  in  diameter  at  the  back  end  of  the  mandrel,  and 
pieces  twenty-four 
inches  in  diameter 
at  the  front  end. 
The  bearings  are 
made  of  phosphor 
bronze,  and  the 
mandrel  is  of  large 
diameter.  A  move- 
able centre  is  ar- 
ranged on  the 
front  of  the  lathe 
for  turning  pieces  ^jg,      face  Plate  Lathe. 

up  to  fifteen  inches 

long.  The  frame  of  the  lathe  is  heavy  enough  to  resist  the 
vibration  in  turning  large  pieces,  and  is  cast  complete  with  the 
bearings  carrying  the  spindle.  The  tool  rests  are  constructed 
to  be  readily  adjusted,  rendering  them  very  convenient  for 
moving  out  of  the  way,  or  for  measuring  the  inside  of  the  work. 
Each  lathe  is  supplied  with  two  rest  stands,  two  T  rests,  three 
face  plates,  three  centres,  a  floor  stand  and  countershaft.  The 
countershaft  has  fast  and  loose  pulleys,  eight  inches  by  two- 
and-a-quarter  inches,  and  should  make  600  revolutions  per 
minute. 

The  weight  of  the  machine  is  about  eight  hundredweight 
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complete.  Floor  space  required  about  six  feet  by  three  feet, 
and  power  required  one-and-a-half  horse-power. 

Fig.  34  shows  Richards'  standard  form  of  lathes  for  pattern 
work,  with  frame  of  wood.  They  are  made  to  various  lengths, 
according  to  requirements,  and  are  arranged  for  turning  a 
large  diameter  over  the  left  end  of  the  lathe.  For  this  reason, 
the  bearings  at  both  ends  of  the  cone  are  the  same  size,  of 
four  diameters  in  length,  composed  of  phosphor  bronze,  thus 
giving  a  large  amount  of  surface  to  resist  the  vibration  in 
turning  heavy  pieces  of  wood  at  high  speed.  The  lathes  are 
complete,  with  two  rest  stands,  three  T  rests,  three  face  plates, 


desired  to  save  expense  in  carriage,  as  the  wooden  frame  can 
be  completed  by  the  purchaser.  They  are  made  in  the  fol- 
lowing sizes  and  lengths  : — Six-inch  centre,  to  turn  a  piece 
four  feet  long ;  eight-inch  centre,  to  turn  a  piece  five  feet  long ; 
ten-inch  centre,  to  turn  a  piece  six  feet  long ;  twelve-inch 
centre,  to  turn  a  piece  eight  feet  long. 

Fig.  35  shows  Richards'  standard  form  of  wood  lathe,  con- 
taining a  number  of  improvements  in  detail,  which  render  it 
specially  applicable  for  turning  wood.  It  is  constructed  en- 
tirely of  iron,  and  is  specially  arranged  for  turning  large  pieces 
at  the  back  end  of  the  mandrel,  for  which  purpose  the  bearings 
are  made  of  phosphor  bronze,  four  diameters  in  length,  thus 
giving  a  large  amount  of  surface  to  resist  the  vibration  in 
turning  heavy  pieces  of  wood  at  high  speed.    The  frame  of 


five  centres,  floor 
stand  and  counter- 
shaft, complete 
with  fast  and  loose 


^  pulleys.  They  are 
admirably  adapt- 


Fig.  34.  Standard  Lathes  with  Wood  Frames, 


g  ed    for  shipping 
abroad,  where  it  is 
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the  lathe  is  cast  complete  with  the  bearings  carrying  the 
mandrel,  while  under  the  headstock  is  placed  a  heavy  hollow 
frame,  for  the  purpose  of  resisting  the  vibration  in  turning 
large  pieces.  The  tool  rests  for  these  lathes  are  constructed 
on  a  special  plan,  by  which  the  tool  rest  and  carriage  are 
clamped  with  one  bolt,  rendering  it  very  convenient  for  sliding 
them  back  for  measuring  inside  work.  In  turning  large  pieces 
a  face-plate  is  placed  on  the  outer  end,  and  the  bracket  which 
carries  the  thrust  screw  at  the  end  of  the  spindle  is  removed. 
It  should  be  noted  that  the  engraving  below  shows  the  lathe 
arranged  with  self-acting  feed  motion.  The  carriage,  which  is 
moved  automatical- 
ly, is  arranged  with 
a  flat  top,  to  receive 
the  standard  rests, 
or,  as  shown  in  the 
engraving, with  com- 
pound rests.  The 
,    ,  J     •     Fig.  35.  Standard  Lathe  with  Self-Acting 

latnes  are  maue  m  Feed  Motion. 

four  sizes,  and  to 

turn  lengths  as  shown  below.  They  can,  however,  be  made 
of  special  lengths  to  order.  Each  lathe  is  provided  with  two 
rest  stands,  three  T  rests,  three  face  plates,  five  centres,  a  floor 
stand  and  countershaft. 

Centre.  Countershaft.  Driv.  Pulleys. 

No.  I,  6in.,  to  turn  a  piece  4ft.  long ;  600  revs.;    Sin.  by  2 Jin. 
„   2, 8in.,  „  5      „       550    „      loin.  „  a^in. 

„  3,  loin.,         „  6     „       500    „      loin.  „  ain. 

„  4,  i2in.,        „  8     „       450    „      i2in.  „  s^in. 

As  there  is  so  much  planing  to  be  done  in  pattern  making, 
provision  should  be  made  for  performing  such  heavy  work  by 
machinery,  especially  as  manufacturers  have  now  placed  on 
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the  market  small  inexpensive  machines,  capable  of  doing  some 
very  heavy  work. 

Fig.  36,  shows  a  safety  hand  feeding  planing  machine.. 
This  class  of  machine  is  of  comparatively  recent  introduction 
in  the  trade,  and  has  become  extremely  popular.  They  are 
used  for  planing  the  surfaces  and  edges  of  timber  of  any  size, 
without  alteration  to  the  machine.  The  cutter  head  revolves 
below  the  tables,  and  the  wood  is  held  down  and  fed  by  the 
hands.  All  sizes  of  these  machines  are  provided  with  means 
of  protecting  the  workman's  hands.    The  tables,  both  before 

and  after  the  cutter, 
are  adjustable  verti- 
cally, to  regulate  the 
depth  of  cutting,  while, 
by  means  of  automatic 
stops,  the  tables  can- 
not be  brought  in  con- 
tact with  the  cutter 
block  as  their  heights 
are  altered.  The  ma- 
chines are  complete 
with  cutters,  adjustable  bevel  gauge,  countershaft  and 
wrenches.  The  special  features  claimed  for  the  machine, 
shown  at  Fig.  36,  are — Covering  of  the  cutters  by  an  adjust- 
able safety  guard  without  interfering  with  the  efficiency  of  the 
machine.  Making  the  cutter  block  and  journals  of  forged 
steel,  with  solid  lips  supporting  the  cutting  edge.  Setting 
the  cutters  upon  a  new  principle,  at  an  angle  with  their  axis. 
Each  table  rests  on  four  links,  moved  by  a  screw  and  the 
handle  seen  at  the  end  of  the  table,  and  arranged  so  that  the 
workman  cannot  bring  the  table  edges  into  the  cutters.  All 
the  sliding  joints  are  horizontal,  and  secure  perfect  allignment 
of  the  tables.    The  tables  can  readily  be  drawn  back,  ta 


Fig.  36.  Planing  Machine. 


SAWING  MACHINE.  63 

get  at  the  cutters.  The  ends  of  the  tables  at  the  cutters 
can  be  raised  for  planing  hollow  joints  for  glueing. 

A  special  machine  for  pattern  making  is  the  Dimension 
sawing  Machine,  Fig.  37.  These  machines  are  made  in  two 
sizes  and  bear  the  same  relation  to  wood  cutting  that  a  Shaping 
and  Planing  machine  does  to  metal  cutting.  The  surfaces 
produced  are  smooth,  ready  for  glass-papering,  and  are  also 
perfectly  square  and  true,  the  applications  of  the  machines 
are   almost  unlimited,  as 


will  be  seen  by  numerous 
diagrams,  which  show  a 
few  of  the  many  operations 
to  which  the  machines  can 
be  applied,  even  by  the  un- 
skilled. These  machines 
are  particularly  applicable 
to  pattern  making,  where 
almost  every  piece  is 
worked  to  some  dimension. 


It  is  claimed  that  when  Fig.  37.  Dimension  Sawing  Machine. 
operated    in  conjunction 

with  a  Hand-feeding  Planing  Machine,  Fig.  36,  they  will  effec- 
tually dispense  with  one-fourth  the  labour  of  pattern  making. 

Two  saws  are  used,  twelve  inches  in  diameter,  one  for 
slitting  and  cross-cutting.  They  are  raised  through  the  table 
to  any  desired  height  by  the  hand  wheel  seen  at  the  right.  By 
removing  both  saws,  a  single  saw,  eighteen  inch  diameter,  can 
be  used  on  this  size  of  machine,  for  coarser  classes  of  work 
occasionally  required.  The  saws  are  made  specially  for  these 
Machines;  being  some  gauges  thicker  at  the  periphery,  and  are 
ground  concave  on  both  sides.  They  require  very  little  "  set," 
are  very  stiff,  and  produce  a  fine  surface  when  at  their  lowest 
position.    They  are  very  accessible  for  changing. 
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The  table  consists  of  two  parts,  that  on  the  right  hand  of 
the  saw  is  fixed  to  the  main  frame,  and  has  fitted  in  the  top  of 
it  a  very  accurate  adjustable  gauge,  moved  approximately  to 
any  position  by  the  hand,  and  then  clamped  to  a  slide,  which 
is  then  moved  by  a  screw  for  close  and  accurate  setting.  This 
gauge  is  readily  removed  for  cross-cutting  long  pieces.  The 
table  on  the  left  of  the  saw  sUdes  easily  on  carefully-fitted 
ways.  It  has  an  adjustable  gauge,  with  an  index  to  set  at 
any  angle. 

The  countershaft  is  placed  below  the  floor,  in  a  swinging 
frame  to  adjust  vertically.  Both  the  saw  spindles  are  driven 
by  one  band,  although  both  saws  do  not  run  continuously. 
The  countershaft  has  fast  and  loose  pulleys,  ten  inch  diameter, 
for  a  four  inch  belt,  and  should  be  driven  six  hundred  and 
fifty  revolutions  per  minute.  Diagrams  are  supplied  showing 
the  manner  of  erecting  the  machine  and  the  special  counter- 
shaft under  the  floor. 

Variety  Wood  Working  Machine.  This  is  a  complete 
machine  for  accomplishing  nearly  all  the  operations  of  planing 


Figs.  38  and  39.  Variety  Wood  Working  Machines. 


and  sawing  for  finishing  work.  Fig.  38  shows  the  machine 
complete  with  sliding-table  in  position,  and  Fig.  39  shows  this 
table  swung  aside  to  disengage  the  end  bearing  of  the  spindle 
for  changing  cutters,  &c.  It  is  a  combination  of  the  principles 
embodied  in  Hand-Feeding  Planing  Machines,  Fig.  36,  and 
Dimension  Sawing  Machines,  Fig.  37. 
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The  simplicity  of  its  construction  enables  it  to  be  adapted, 
-with  very  slight  and  rapid  change,  to  the  following  numerous 
operations  :  —  Planing  out  of  wind,  Planing  straight  or 
taper,  tenoning,  rebating,  jointing,  bevelling,  graining  and 
notching,  squaring-up  posts,  cutting  mouldings  of  any  shape, 
slitting  and  cross-cutting,  grooving,  &c.,  boring,  slot  mortising, 
recessing,  &c.  On  pages  67  to  69  are  shown  diagrams  of 
work  and  description  of  how  to  operate  the  machine. 

The  spindle  rises  and  falls  below  the  table  top,  being 
rapidly  adjusted  by  the  hand-wheel  shown.  The  back  table  is 
stationary,  while  the  front  one  is  adjusted  similarly  to  the  hand 
feed  planing  machine.  The  sHding-table  on  the  left  is  similar 
to  the  loose  table  in  the  dimension  sawing  machine,  and 
is  fitted  to  accurate  planed  ways.  The  bracket  on  which  the 
table  slides  is  pivoted  to  swing  out  of  the  way,  to  get  at  the 
spindle  end  for  changing  the  cutters  or  saws,  or  when  the 
machine  is  being  used  for  planing  or  other  operation,  as 
explained. 

The  following  are  supplied  as  part  of  the  outfit  of  the 
machine : — A  countershaft  complete,  one  cutter  head  twelve 
inches  long,  fitted  with  two  cutters ;  one  twelve  inch  circular 
saw,  and  a  full  set  adjusting  collars. 

The  following  are  suppUed  to  order  as  required  : — Boring 
stand  complete,  rebating  head,  tenoning  head,  grooving  heads, 
capped  moulding  head,  slotted  moulding  head,  circular  saws, 
boring  bits,  routing  bits. 

The  countershaft  has  fast  and  loose  pulleys,  ten  inches 
diameter,  for  a  four-and-a-half  inch  belt,  and  should  make 
seven  hundred  and  fifty  revolutions  per  minute.  It  requires  to 
be  placed  on  the  floor  with  the  centre  five  feet  from  the  centre 
of  the  machine  base. 

The  machines  are  made  in  two  forms,  varying  only  in  the 
arrangement  of  the  sliding-table  for  the  sawing  operations. 

F 
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The  one  illustrated  has  the  accurately  fitted  table  of  iron,, 
while  the  other  has  a  wooden  slide.  In  all  other  details  the 
machines  are  the  same. 

The  weight  of  the  machine  is  eighteen  hundred-weight,  the 
floor  space  occupied  ten  feet  by  eight  feet.  Power  required, 
about  two  horse-power. 

Description  of  the  Various  Operations  for  Slitting 
AND  Cross-cutting, — The  saw  is  placed  on  the  spindle,  a 
long  collar  being  fitted  brings  it  to  the  right  position  on  the 
spindle.  The  saw  is  raised  and  lowered  through  the  table  by 
the  hand  wheel  seen  at  the  front.  The  table  on  the  right  of 
the  saw  is  stationary,  and  has  the  gauge  for  guiding  the  wood 
in  slitting.  The  gauge  bevels  to  any  angle,  and  is  moved  to 
and  from  the  saw  approximately  by  the  hand,  when  it  is 
clamped  and  adjusted  for  accurate  distances  by  the  screw  and 
hand  wheel  at  the  back  of  the  machine.  This  gauge  also  acts 
as  a  stop  for  gauging  any  fixed  lengths  in  cross-cutting, 
tenoning,  &c.    For  examples  of  operations,  see  illustrations. 

For  Planing  out  of  Wind. — A  cutter  head,  twelve  inches 
long,  is  slipped  on  the  spindle.  This  cutter-head  is  made  with 
back  lips  to  support  the  cutting  edges,  which  are  of  the  class 
termed  *'  skew  "  cutters.  After  the  cutter  block  is  clamped 
firmly,  the  spindle  is  adjusted  so  that  the  cutter  edges  are  level 
with  the  back  table.  The  front  table  is  then  lowered  to  suit 
thn  depth  of  cut  required.  By  means  of  special  mechanism 
this  table  is  kept  an  equal  distance  from  the  cutter  edges  as  it 
is  lowered.  Timber  of  any  length  and  depth  up  to  twelve  inches 
wide  can  be  planed  to  a  true  face.  The  piece  is  held  firmly 
against  the  gauge,  which  can  be  canted  to  any  angle. 

Tapering. — The  tables  and  cutter  head  remain  the  same, 
but  in  starting  the  wood,  one  end  is  rested  on  the  edge  of  the 
back  table.  If  more  taper  is  wanted,  the  operation  can  be 
repeated. 
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Cornering. — The  back  table  is  kept  in  the  same  position, 
but  the  front  table  is  lowered  to  the  depth  the  corner  is  desired 
to  be  cut.  The  gauge  is  set  at  the  angle  desired  to  support 
one  side  of  piece.    See  Figs.  100  to  103. 

Chamfering.— In  this  operation  the  front  and  back  tables 

are  set  level,  and  the  cutter 

block  is  raised  above  the 

table  to  the  depth  required 

to  chamfer.    To  produce 

uniformity  in  the  pieces 

being  worked,  stops  should 

be  placed  to  gauge  the 

length  of  cut.     The  end  c<- 

°  V-  V.  «-i  pjg_  Chamfering. 

of  the  wood  should  then 

be  held  firmly  against  this  stop,  while  it  is  lowered  on  to  the 
cutters,  and  rests  on  both  tables.    See  Fig.  40. 

Jointing  and  Mitreing. — The  gauge  is  set  to  correspond 
to  the  right  angle,  and  the  front  table  lowered  to  the  required 
depth.    See  Figs.  106  and  107. 

Rebating. — In  this  operation  the  cutter  block  is  a  narrow 
one,  the  opening  in  the  table  being  filled  up,  except  the 
required  opening  for  the  cutter  head.  The  tables  are  set  level, 
and  the  cutters  project  through  the  table  to  the  required 
depth  of  cut.  The  wood  is  guided  by  the  gauge  at  the 
back.    See  Figs.  43  to  45. 

Moulding. — The  tables  remain  level  while  different  cutter 
blocks  are  fixed  on  the  spindle  for  the  purposes.  The  opening 
in  the  table  is  filled  on  each  side  of  the  cutter. 

Tongueing  and  Grooving. — The  tables  remain  level  as 
before,  and  the  matching  heads  are  placed  on  the  mandrel, 
the  gauge  forming  a  guide  for  the  back  head,  and  a  temporary 
gauge,  placed  on  the  front  of  the  machine,  answering  for  the 
other  head.    By  placing  the  gauge  at  an  angle,  tongues  and 
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Fig.  41.  Rule  or  Table  Joint. 


grooves  can  be  cut  to  any  angle.  The  material  can  be  tapering 
and  of  various  widths,  the  difference  requiring  no  extra 
adjustment.    See  Fig.  40. 

Planing  Rule  or  Table  Joints.  —  This  operation  re- 
sembles the  hand 
matching,  except 
that  suitable  cut- 
ters are  substitu- 
ted on  the  spindle. 

Ploughing.  — 
The  tables  remain 
level,  and  the 
spindle  receives 
the  cutters  of  suitable  width.  Two  or  three  grooves  can  be 
cut  at  one  time  if  necessary.    See  illustrations. 

Panel  Raising.— The  tables  remain  level,  but  are  drawn 
far  enough  apart  to  admit  the  cutters.  A  wooden  gauge  is 
attached  to  the  one  on  the 
table,  by  bolts  passing  through 
springs  placed  between  them, 
thus  giving  a  flexible  pressure 
for  inequalities  in  thickness.  A 
front  gauge  is  attached  to  the 
T  slot  of  the  outside  table. 
Special  heads  of  any  diameter, 
for  speci??  requirements,  made 
to  order.    See  Fig.  42. 

Tenoning. — For  this  opera- 
tion the  sliding  table  is  brought 
back  to  its  position  after  the  tenoning  cutter  has  been  fixed 
on  the  spindle.  A  special  clamp  is  used  to  hold  the 
wood  down,  and  the  depth  of  the  tenon  is  regulated  by 
adjusting  the  spindle  vertically.     The  gauge  on  the  front 


Fig.  42.  Panel. 
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table  is  moved  up  to  act  as  a  stop  gauge  for  the  length  of 
tenon.    A  tenon  is  shown  at  Fig.  40. 

Checking,  Gaining,  &c. —  The  same  arrangement  of 
machine  is  used  as  above,  the  pieces  being  clamped  to  the 


Figs.  43,  44,  45.  Examples  of  Checking  and  Gaining. 


folding  table.  Different  widths  of  cutter  heads  are  used.  The 
gauge  on  the  sHding-table  can  be  altered  to  any  angle  for 
angle  checking,  &c.    See  above  illustrations. 

The  Britannia  Company  has  recently  brought  out  a  patented 
machine  for  sawing,  worked  by  a  treadle,  as  shown  in  Fig.  46. 
This  saw  is  a  great  economiser  of  time  and  of  labour.  It  is 
said  to  save  its  cost  every  year  that  it  is  in  use.  DowelUng, 
grooving  and  boring  can  be  accomplished  in  addition  to  the 
ordinary  work  of  a  circular  saw.  The  capacity  of  the  machine 
is  four  inches  thick,  it  runs  one  thousand  five  hundred  revolu- 
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tions  per  minute — has  adjustable  mitre  and  cross-cut  gauges, 
boring  attachment,  &c.  Wood  an  inch  thick  can  be  sawn  at 
the  rate  of  ten  feet  per  minute. 


Fig.  46.  Circular  Saw  for  Foot  Power. 


The  scroll  saw  attachment  shown  at  Fig.  47,  is  intended  for 
use  with  the  machine  last  illustrated.  The  arm  is  hinged  to 
the  wall  or  ceiling  and  is  entirely  out  of  the  way  when  not  in 
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use.  When  let  down,  as  shown,  it  allows  a  thickness  of  four 
inches  to  be  sawn  and  the  dimensions  of  the  material  are 


Fig.  47.  SCROLL  Saw  Attachment  for  Foot  Power  Machine. 

■  Otherwise  limited  only  by  the  size  of  the  room  in  which  the 
machine  is  used  as  the  table  is  quite  clear. 


CHAPTER  VL 


TURNING,  AND  TOOLS  USED. 

jHE  ordinary  wood-turner  who  works  at  the  |foot-lathe 
employs  but  few  edged  tools  except  chisels  and  gouges. 
By  the  aid  of  these  alone  nearly  all  external  turning  is  done. 
The  cutting  edges  of  tools  used  for  turning  soft  wood  are 
found  to  act  best  when  ground  to  an  angle  of  about  twenty - 
five  to  thirty  degrees.  This  gives  a  keen  edge,  capable 
of  withstanding  the  ordinary  usage  of  such  work.  To 
work  with  tools  which  are  ground  less  acutely  is  like  cutting 
wood  with  a  cold  chisel— and  here  it  is  as  well  to  explain 
that  a  cold  chisel  is  the  name  by  which  chisels  used  for  cutting 
cold  metal  are  known. 

The  great  care  of  the  ordinary  wood  turner  is  to  make  his 
curves  graceful  and  blending— for  this  he  will  sacrifice 
dimensions.    The  pattern  maker  cares  not  for  the  appearance 
—that  has  been  decided  before  the  work  comes  into  the  lathe. 
He  tries  cylinders  with  the  straight  edge,  and  turns  curves  by 
template,  his  stoppages  are  frequent,  for  both  size  and  shape 
must  be  correct.    The  work  is  finished  by  scraping  with 
various  shaped  special  tools,  but,  with  the  exception  of  the 
gouge  for  roughing,  and  the  chisel,  they  are  all  scrapers.  An 
ordinary  paring  chisel,  whetted  upon  an  oilstone  will  be  found 
to  have   a  slight  bur  raised  upon  that  side  last  to  be 
touched  upon  the  stone.    The  chisel  is  now  fit  for  scraping, 
or  finishing  pattern  work  in  the  lathe.    Round-nosed  tools, 
side  tools,  diamond  point  tools  are  all  sharpened  in  this 
manner. 
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In  turning  large  discs,  some  trouble  is  often  experienced, 
from  the  jar  or  vibration  of  the  work  as  soon  as  a  scraping-tool 
is  applied.  A  point  will  not  cause  this  vibration ;  therefore, 
the  diamond  point  is  used  for  truing  the  surface  of  large  work. 
One  cannot  easily  produce  a  flat  surface  with  a  point-tool, 
therefore  it  is  better  to  use  a  tool  made  from  a  chisel,  say 
one-and-three-quarters  of  an  inch  wide.  Having  softened  it,, 
a  series  of  V  grooves  about  ten  to  the  inch  along  its  face,  they 
should  not  be  all  of  the  same  size  or  depth.  Re-temper  the 
chisel  and  grind  it  only  on  the  bevelled  side.  This  chisel  will 
true  up  very  slender  work,  and  make  a  surface,  if  necessary, 
ready  for  papering.  This  toothed  chisel,  like  the  plain  chisel, 
if  used  for  turning,  should  be  sHghtly  rounding,  so  that  its 
breadth  does  not  all  bear  on  the  work  at  once. 

Cylindrical  work,  which  includes  so  many  patterns,  is  first 
roughly  turned  to  shape  with  the  gouge,  and  then  the  chisel 
is  brought  into  requisition  to  smooth  and  finish  the  work. 
The  same  description  of  tools  are  employed  for  turning  flat 
surfaces,  both  plankways  and  endways  of  the  wood.  Hol- 
lows and  internal  recesses  are  also  turned  with  gouges  and 
chisels  whenever  there  is  sufficient  space  for  their  introduc- 
tion. 

The  correct  position  for  the  cutting  edge  of  the  tool  is  at  a 
tangent  to  the  circle  which  it  is  turning — that  is,  the  circle 
left  after  the  passage  of  the  tool ;  and  it  is  only  necessary  to 
thoroughly  understand  the  meaning  of  this  to  be  able  to  place 
the  tool  with  precision  and  certainty  in  the  best  possible 
position  for  cutting.  A  tangent  is  a  line  which  touches,  but 
does  not  cut  into  the  circumference  of  a  circle,  and  the 
chamfer  ground  on  the  convex  side  of  the  gouge  has  to  form  a 
tangent  to  the  circumference  of  the  diameter  being  turned. 
It  must  be  perfectly  understood  that  a  tangent  may  be  formed 
at  any  point  of  the  circumference,  and  equally  well  at  the 
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highest  or  lowest  point.  It  is  generally  said  that  the  height 
of  a  tool  should  be  exactly  of  the  same  height  as  the  lathe 
centres,  and  though  this  is  perfectly  correct  in  the  case  of 
slide-rest  tools  as  usually  ground,  yet  the  axiom  has  no  bearing 
if  applied  to  hand  tools,  though  in  turning  metal  the  same 
rule  is  advisable,  as  it  affords  a  rigid  rest  at  the  most  conve- 
nient place.  No  matter  at  what  height  the  rest  is  fixed,  the 
tool  can  be  placed  at  a  tangent  to  the  work  by  elevating  or 
depressing  the  handle  as  may  be  required. 

To  make  the  action  of  turning  tools  clear,  so  far  as  their 
cutting  edges  are  concerned,  I  will  borrow  from  "  Lathe- 
work  "  a  diagram  which  shows  two  tools  correctly  applied  for 
cutting  both  soft  and  hard  material.  By  this  it  is  seen  that 
the  slide-rest  tool,  with  a  strong  cutting  edge  suited  for 
operating  upon  highly  cohesive  metal,  such  as  steel,  and  the 
acute  wood-turning  chisel,  suited  for  the  softest  material,  have 
each  the  lower  face-angle  placed  in  the  same  position  with 
regard  to  the  work.  The  upper  face,  which  wedges  back 
the  shavings,  curling  or  breaking  them  according  to  the 
nature  of  the  material  operated  upon,  is  the  only  one  in  which 
any  difference  is  observable  agreeable  to  this  latter  condi- 
tion. 

In  Fig.  48  the  line  of  centres  is  shown  by  a,  b.  It  is  pre- 
cisely to  this  height  that  all  slide-rest  tools  should  be  set. 
With  hand  tools  it  is  of  little  importance  whether  they  be 
applied  above,  below,  or  on  the  line  of  centres.  The  edge  of 
the  metal-turning  tool  is  formed  by  the  meeting  of  the  faces 
a,  X,  and  d,  x-^  d,  x\'&  three  degrees  from  the  perpendicular, 
and  this  gives  the  angle  of  the  edge  as  eighty-seven  degrees. 
The  edge  of  the  soft  wood  chisel  is  formed  by  the  meeting  of 
the  faces  <r,  x  and  d,  x,  enclosing  twenty-five  degrees,  still 
keeping  the  lower  face  in  the  same  line,  that  is  a  tangent  to 
the  circle. 
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Suppose  the  tool  is  laid  on  to  a  true  cylinder,  so  that  its 
bevel  forms  a  tangent  to  the  cylinder,  it  cannot  cut  the 
material  j  but  directly  the  handle  is  raised  the  cutting  edge  is 
depressed  into  the  cylinder,  and  all  that  material  lying  outside 
of  the  diameter  of  the  edge  is  removed.  The  position  of  the 
cutting  edge  is  best  determined  by  the  sense  of  touch,  the 
tool  being  laid  on  the  T  rest  with  its'  end  overhanging  the 
work  considerably.  The  lathe  being  in  motion,  the  tool  is 
then  drawn  gradually  towards  the  operator,  all  the  while 


Fig.  48.  Cutting  Angles  of  Tools. 


keeping  it  resting  on  the  cylinder,  till  the  edge  reaches  the 
point  at  which  it  forms  the  tangent,  and  then  it  commences 
to  cut.  By  slightly  tilting  the  tool,  the  edge  is  brought  to  act 
on  a  smaller  diameter,  and  turnings  are  removed  under  the 
most  advantageous  circumstances. 

Apertures  which,  in  comparison  with  their  depth,  are  of 
small  diameter  necessitate  the  use  of  tools  of  special  form, 
which  are,  generally  speaking,  hook-shaped.  Tangs  of  various 
forms  and  dimensions  have  the  ends  bent  to  form  gouges  and 
chisels,  so  as  to  be  available  for  work  where  the  ordinary 
straight  gouge  or  chisel  could  not  enter.  To  attain  efficient 
mastery  over  these  hook  tools  requires  considerable  practice. 
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In  the  hands  of  inexperienced  persons  their  application  fre- 
quently leads  to  mishaps.  A  strong  wrist  and,  above  all,  prac- 
tice in  using  the  tool  are  required,  in  order  to  counteract  the 
powerful  leverage  exerted  by  the  work,  which  tends  to  twist 
the  tool  and  wrench  it  from  the  grasp. 

The  length  of  handle  is  an  item  of  importance  in  all  hand 
tools,  as  reflection  will  show.  They  are  all,  when  in  use, 
governed  by  the  laws  which  act  on  a  lever,  the  fulcrum  being 
the  point  of  support  on  the  rest,  the  cutting  edge  then  termi- 
nates the  short  arm  of  the  lever,  and  the  power  over  it  is  pro- 
portionate to  the  length  of  the  handle  end  as  compared  with 
the  length  of  the  short  end.  The  control  over  the  tool  is 
therefore  greatest  when  the  rest,  and  fulcrum  point,  is  nearest 
to  the  work,  and  the  hand  holding  the  handle  is  nearest  to  the 
end.  When  the  handle  is  not  sufficiently  long,  the  edge  of 
the  tool  is  Hable,  when  caught  by  the  work,  to  be  drawn  into 
cutting  too  deeply,  through  the  hand  not  having  complete 
control  over  it,  and,  from  the  same  cause,  with  greater 
force,  the  tool  will  be  twisted  out  of  the  grasp,  or  the  work 
forced  from  the  chuck.  In  order  to  give  greater  freedom  in 
the  movement  of  the  cutting  edge,  tools  used  for  wood- 
turning,  which  are  generally  required  to  do  a  long  range  of  sur- 
face, they  are  used  with  the  rest  placed  at  some  distance  from 
the  work,  and  this,  in  giving  longer  motion  to  the  cutting  edge, 
gives  a  much  greater  power  on  the  leverage  :  and  it  is  for  this 
reason  that  such  tools  require  to  have  long  handles. 

Gouges  for  turning  are  made  in  all  sizes,  having  cutting 
edges  from  one-eighth  to  two  inches.  The  sectional  form 
varies  from  crescent-shaped  tools,  with  a  thick  back  tapering 
to  a  thin  edge,  to  circular  ones,  in  which  back  and  edge  are  of 
equal  thickness.  The  curvature  of  the  tools  varies  also  greatly : 
from  those  in  which  it  is  so  slight  that  they  may  almost  be 
considered  straight- edged  to  others  having  a  semicircular  edge. 
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The  length  of  gouges  is  partly  governed  by  their  size,  one  inch 
gouges  measuring  generally  from  ten  to  fifteen  inches  long. 

The  ordinary  gouge  and  chisel  used  by  the  wood-turner 
must  not  be  confounded  with  those  tools  having  the  same 
names  but  used  in  cabinet  making  and  joinery.  The  carpen- 
ter's and  the  turner's  gouges  are  quite  distinct  tools,  though 
they  have  a  general  similarity ;  and  the  same  may  be  said  of 
the  chisels  used  in  the  respective  trades.  The  turner's  gouge 
is  a  much  stronger  tool,  having  more  metal  in  it  than  its  name- 
sake j  it  is  ground  to  a  different  shape,  and  has  a  handle  from 
eight  to  sixteen  inches  in  length,  according  to  the  size  of  the 
gouge.  Fig.  49  illustrates  a  gouge  handled  complete.  Both 
tools  are  ground  on  the  outside  of  the  curvature,'but  the  turner's 


Fig.  49.  A  Turner's  Gouge, 

gouge  terminates  in  a  rounding  edge,  without  comers,  instead 
of  being  square  with  the  shaft  of  the  tool.  This  round  form 
of  edge  is  necessary  in  order  to  obliterate  the  sharp  comers, 
which  would  be  liable  to  catch  in  the  work.  It  also  allows 
the  most  prominent  parts  of  the  edge  to  be  used  in  grooves 
which  are  comparatively  narrow.  Very  small  curves  and 
mouldings  can  thus  be  easily  operated  upon  by  small  gouges. 

Several  sizes  are  always  provided  for  use,  and  whilst  the 
larger  ones  take  off  large  shavings  and  rough  the  material  to 
:shape  quickly,  the  small  ones  are  available  for  more  minute 
work,  and  may  be  used  for  turning  in  shoulders  to  very  nearly 
an  acute  angle. 

Chisels  for  turning  are  made  in  sizes  to  correspond  with  the 
gouges,  but  larger  ones  can  also  be  procured.  They  resemble 
ordinary  paring  chisels,  but  have  no  shoulder  to  the  tang,  the 
€dge  being  also  formed  very  differently.   The  blade  of  a  turner's 
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chisel  is  bevelled  equally  from  each  side,  leaving  the  cutting 
edge  in  the  centre  of  the  thickness  and  at  an  oblique  angle 
with  the  sides.  This  angle  is  usually  about  seventy  degrees  and 
one  hundred  and  ten  degrees,  instead  of  being  square  across 
Hke  a  paring  chisel.  Turning  chisels  are  ground  obliquely,  for 
the  sake  of  greater  convenience  in  use.  One  of  ordinary 
shape  performs  the  work  equally  well,  but,  as  that  tool  has  to 
be  applied  at  an  angle  to  the  work,  which  is  often  inconvenient, 
an  oblique  edge  is  preferable,  allowing,  as  it  does,  a  cylinder 
to  be  turned  with  the  tool  at  right  angles  to  the  axis  of 
rotation. 

The  method  is  the  same  for  applying  both  gouges  and 
chisels.  The  tool  is  grasped  firmly  near  the  cutting  edge  by 
the  left  hand,  the  knuckles  being  uppermost.  The  right  hand 
holds  the  handle  near  the  end,  and,  to  afford  greater  steadiness, 
it  usually  rests  against  the  side  of  the  body.  Thus  held,  the 
tool,  if  a  gouge,  is  laid  on  the  T-rest  with  its  convex  side 
downwards.  The  edge  is  brought  sufficiently  near  to  the 
revolving  cylinder  to  touch  it  in  the  position  of  a  tangent ;  that 
is  to  say,  a  straight  line,  drawn  in  continuation  of  the 
ground  bevel  of  the  tool,  will  touch,  but  not  cut  into,  the 
cylinder.  In  this  position  the  gouge  will  not  cut,  but  by  rais- 
ing the  end  of  the  handle  with  the  right  hand,  the  edge  of  the 
tool  is  depressed,  and  it  then  comes  in  the  position  of  a  tan- 
gent to  a  smaller  circle.  When  the  work  is  rotated,  all  the 
material  outside  of  that  diameter  will  be  shaved  off  by  the 
tool.  During  this  process  the  pressure  on  the  edge  of  the 
gouge  tends  to  force  the  tool  deeper  into  the  work ;  the  right 
hand  must,  therefore,  hold  down  the  handle  till  the  work  has 
been  reduced  all  round  to  the  new  diameter. 

The  first  cut  of  the  gouge  is  usually  made  at  a  short  distance 
from  the  right-hand  end  of  the  rough  balk,  and  when  a  groove 
is  turned  the  tool  is  inclined  towards  the  left,  so  as  to  remove 
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the  material  between  it  and  the  end.  A  new  cut  is  then  made 
towards  the  left,  and  this  is  made  continuous  with  the  previous 
one  by  inclining  the  point  of  the  gouge  as  before ;  thus  by  a 
continual  shifting  of  the  tool,  and  turning  a  small  distance  at  a 
time,  the  entire  cylinder  is  brought  roughly  to  form.  The  size 
is  gauged  by  means  of  callipers,  and  if  much  in  excess  of  what 
is  required  a  further  appHcation  of  the  gouge  is  the  best  way 
of  reducing  it ;  and  the  cylinder  is  made  as  straight  and  even 
as  possible  by  this  tool  before  employing  the  chisel.  In  this 
levelling  operation  the  gouge  is  sHd  along  the  top  of  the  T 
rest,  guided  by  the  left  hand,  and  tracing  on  the  work  a  regular 
spiral  path.  An  expert  hand  can  by  this  means  produce  a 
very  tolerable  smooth  surface  to  the  work,  the  gouge  being 
traversed  from  both  ends  alternately,  and  the  parallelism  is 
checked  by  callipering. 

The  chisel  used  for  smoothing  the  work  is  applied  similarly 
to  the  gouge,  and  all  that  has  been  said  applies  to  both  tools, 
subject  to  any  modifications  rendered  necessary  by  their 
different  forms.  The  chisel  is  always  applied  so  that  its  edge 
lies  obliquely  across  the  surface  of  the  cylinder,  the  handle 
being  also  slightly  inclined  to  place  the  edge  of  the  chisel— 

which  is,  as  has  been  already  stated,  ground  obliquely  at  a 

slightly  greater  angle  with  the  line  of  centres  than  that  it  makes 
with  the  chisel  blade.  The  tool  is  laid  on  the  rest,  with  the 
blade  resting  on  one  corner  of  the  obtuse  angle.  The  chisel  is 
tilted  up  sufficiently  to  bring  the  central  part  of  the  cutting 
edge  against  the  work.  Only  the  central  part  touches,  both 
corners  being  free,  the  edge  lying  obliquely  across  the  cylinder. 
If  either  corner  were  allowed  to  act  on  the  work  it  would  be 
extremely  difficult  to  guide  the  tool,  which  would  have  a 
tendency  to  "  catch  in."  This  tool  is  held  with  the  left  hand 
grasping  the  blade  close  to  its  cutting  end,  with  the  knuckles 
above ;  the  right  hand  grasps  the  handle  near  to  its  end,  holding 
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it  near  to  the  right  hip,  and  the  chisel  blade  rests  on  the  T, 
one  of  its  lower  corners  only  in  contact.  The  tool  is  slid  along 
with  the  obtuse  angle  leading,  and  may  be  used  from  either 
right  or  left.  To  reverse  the  direction  it  is  only  necessary  to 
turn  over  the  tool. 

Through  the  tool  being  presented  with  its  edge  obliquely, 
only  the  central  part  cuts,  the  two  corners  not  coming  in 
contact  with  the  work,  and  the  extreme  central  part  cuts 
deepest,  the  shaving  cut  by  the  chisel  being  thickest  in  the 
centre  and  tapering  off  on  each  side  to  a  feather-edge.  By 
carefully  considering  this,  the  necessity  of  correct  tangential 
position  will  be  better  understood.  If  the  chisel  is  laid  on 
to  cut  with  the  entire  breadth  of  its  edge,  the  tool  becomes 
unmanageable  from  the  quantity  of  material  it  has  to  cut.  The 
production  of  straight,  level  work  will  depend  on  maintaining, 
during  the  entire  longitudinal  traverse  of  the  tool,  a  perfectly 
equal  amount  of  tilting  from  the  T,  and  the  same  relative 
position  of  the  handle  held  in  the  right  hand.  It  must  be 
remembered  that  the  chisel  lying  obliquely  across  the  surface 
of  the  cylinder,  and  forming  a  tangent  to  it,  will  not  cut  at  all, 
acting  just  as  a  gouge  under  the  same  conditions ;  but  directly 
the  handle  is  raised,  and  the  edge  penetrates  the  diameter, 
then  the  tool  lies  at  a  tangent  to  a  circle  of  smaller  diameter, 
and  all  material  outside  of  that  circle  will  be  cut  off.  The  cut 
is  taken  from  either  end,  as  most  convenient,  by  simply  turning 
over  the  tool.  The  principles  which  govern  the  cutting  action 
of  the  gouge  are  equally  applicable  to  the  chisel,  and  it  is  by 
tilting  up  the  handle  that  the  tool  is  fed  into  the  cut. 

Fig.  5  o  represents  a  gouge  of  the  form  in  general  use ;  it 
measures  nearly  half-an-inch  on  the  edge.  The  section  shows 
much  less  metal  than  is  embodied  in  Fig.  52,  and  this  kind  of 
gouge  is  much  lighter  and  handier  in  many  respects  than  the 
one  shown  at  Fig.  52.    The  grinding  is  more  easily  accom- 
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plished.  The  substance  of  the  tool  is  quite  adequate  to  the 
requirements  of  all  ordinary  wood-turning,  and  it  is  with 
gouges  of  this  form  that  most  work  is  done.  Larger  sizes, 
from  one  inch  to  one-and-a-half  inches,  are  used  for  roughing- 
down  purposes.  The  section  of  this  tool  is  crescent-shaped  ; 
the  centres  of  the  two  circles,  whose  arcs  form  the  concave 
and  convex  sides,  are  about  one-sixteenth  of  an  inch  apart. 
The  points  of  the  horns  are  rounded  off,  so  that  all  sharp 
comers  are  avoided.  The  convex  surface  has  a  radius  of  a 
quarter  of  an  inch,  the  concave  being  only  one-thirty-second 
less.    From  these  measurements,  taken  from  a  gouge  by  the 


Fig.  50.  A  Half-inch  Gouge. 


aid  of  which  I  have  made  many  a  bushel  of  shavings,  the 
precise  form  of  the  tool  may  be  easily  understood.  The  bevel 
ground  around  the  convex  part  very  much  resembles  that  of 
the  following  figure.  The  elliptical  form  of  the  edge  is  more 
circular,  owing  to  the  larger  channel  in  this  tool.  After  what 
has  been  said  in  connection  with  the  chisel,  it  is  scarcely 
necessary  to  mention  that  the  angle  enclosed  by  the  bevel 
and  the  inner  surface  should  be  about  twenty-five  degrees. 
Tools  for  soft  wood  turning  are  seldom  more  than  thirty 
degrees  on  the  edge. 

The  accompanying  cut.  Fig.  51,  shows  three  views  of  the 
cutting  end  of  a  turner's  gouge,  and  are  intended  to  illustrate 
the  method  of  grinding.    C  is  the  front,  or  concave  side,  of 
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the  gouge,  and  shows  the  parabolic  curve  of  the  cutting-edge 
B  is  the  side,  and  shows  the  long  sloping  chamfer  made  by 
grinding  the  tool.  The  angle  formed  by  this  chamfer  should 
be  from  twenty-five  to  thirty  degrees.  It  is  this  chamfer 
that  should  form  a  tangent  to  the  work  when  the  gouge  is  in 
use.  A  shows  the  back,  or  convex  side,  of  the  gouge,  and 
the  chamfer  will  be  seen  to  be  of  equal  slope  all  round.  In 
setting  gouges,  the  turner  has  an  ordinary  oil-stone,  with  a 
number  of  different-sized,  semi-circular  groves  worn  into  it.  A 
groove  the  size  of  the  gouge  is  selected,  the  back  or  chamfer 
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Fig,  51.  Grinding  a  Gouge. 


part  rubbed  along  it,  at  the  same  time  turning  the  tool  slightly, 
as  when  grinding.  Then  with  a  slip  of  oil-stone  having  a 
rounded  edge,  the  wire-edge,  which  will  be  found  all  round  the 
cutting  edge  in  the  hollow  side,  is  removed.  In  doing  this 
great  care  must  be  taken  to  rub  the  burr  down  only  level  with 
the  surface  on  the  hollow  side,  because  tilting  up  the  back 
end  of  the  slip  would  produce  a  slight  chamfer  on  the  hollow 
side  of  the  tool,  and  this  is  not  desirable.  The  operation, 
however,  turns  the  wire-edge  backwards,  when  the  tool  must 
again  be  lightly  applied  to  the  hollow  set-stone ;  and,  finally, 
one  or  two  more  rubs  on  the  inside  with  the  slip,  after  which 
it  is  wiped  with  a  piece  of  soft  leather,  or  on  the  palm  of  the 
hand,  which  removes  any  remaining  wire-edge,  and  the  tool 
is  now  ready  for  work.    All  the  gouges,  large  and  small,  are 
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ground  and  set  as  described  above,  different-sized  slips  being 
used. 

Fig.  52  shows  a  quarter-inch  gouge.  Top,  side,  and  sectional 
views  being  given,  the  small  semi-circle  shows  the  size  and 
form  of  the  cutting-edge.  This  kind  of  gouge  is  particularly 
strong,  as  can  be  seen  from  the  sectional  view,  there  is  only 
a  small  channel  as  compared  with  the  substance  of  the  tool. 
The  bevel  formed  by  grinding  is  shown  in  the  side  view ;  and 
the  form  of  the  point,  seen  from  the  top,  illustrates  the  correct 
form  for  grinding.    There  are  no  sharp  angles,  the  point  ends 


Fig.  52.  A  Quarter-inch  Gouge. 


in  an  elliptical  edge,  leaving  the  centre  most  prominent.  The 
horns  of  the  crescent-shaped  section  are  thinned  off  on  their 
outer  sides,  to  save  metal  and  leave  less  to  be  ground  away. 
Both  the  inside  and  the  outside  curves  are  circular,  excepting 
the  part  just  alluded  to ;  the  centre  of  the  smaller  circle  is, 
however,  fully  a  sixteenth  of  an  inch  from  the  centre  of  the 
convex  face. 

Fig.  53  represents  a  three-quarter  inch  chisel;  side,  top 
and  end  views  are  given.  The  two  bevels,  which  meet  at  the 
cutting-edge,  enclose  an  angle  of  twenty-five  degrees.  This, 
as  will  be  seen  by  the  diagram.  Fig.  48,  is  the  angle  suited  for 
wood-turning  tools.  The  oblique  edge  forms  at  each  corner 
angles  of  seventy  degrees  and  one  hundred  and  ten  degrees 
respectively,  as  has  been  mentioned  previously.    A  chisel  of 
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the  size  illustrated  will  measure  from  about  eighteen  to  twentjr 
inches  from  end  to  end,  when  handled  ready  for  use,  the 


Fig.  53.  A  Three-quarter-inch  Chisel. 


blade  being  about  half  that  length.  The  rectangular  figure^ 
facing  the  cutting-edge,  is  a  view  of  the  end. 

Fig.  54  illustrates  a  hook- tool  used  for  turning  interior 
hollows.    The  steel  shaft  is  forged  out  thin  and  wide  at  the 


Fig.  54.  A  Hook  Tool. 


end,  and  curled  into  a  circular  form  as  shown.  The  outer 
part  of  the  circle  is  ground  square  with  the  tang ;  the  inner 
side  is  thick  in  the  centre  and  bevelled  towards  both  edges. 
This  makes  a  sharp  cutting-edge  around  the  ring,  as  shown  in 
the  top  view.    The  tang  itself  is  square  in  section,  with  the 
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■comers  bevelled  off ;  near  to  where  the  hook  commences  it  is 
nearly  round.  These  hook-tools  are  carefully  filed  round  the 
inside  to  form  a  smooth  bevel ;  all  the  corners  are  rounded 
off,  and  the  tool  is  then  hardened  and  tempered  for  use.  It 
may  be  applied  to  the  work  either  side  up,  and  considerable 
manual  dexterity  is  required  in  its  use  to  prevent  accidents  of 
a  more  or  less  serious  nature. 

The  other  necessary  tools  for  ordinary  wood-turning  are  but 
few,  and  consist  of  callipers,  a  pair  of  compasses,  two  or 
three  slips  of  oil-stone  for  setting  up  the  gouges,  a  side  tool 
and  a  parting  tool.  Fig.  5  5  shows  a  large  scale  view  of  the 
side  and  edge  of  an  ordinary  parting  tool. 
A  grindstone  and  an  oil-stone  are  also  very 
useful,  and,  in  practice,  the  use  of  these 
cannot  well  be  dispensed  with.  There  should  / 
be  about  half-a-dozen  pairs  of  callipers  of 
various  sizes,  the  largest  opening  to  about 
twelve  inches  to  fourteen  inches.    Also  one 

Fig.  55. 

or  two  pairs  of  mside  callipers,  these  being  too  Parting  Tool. 
well  known  to  need  illustration. 

The  parting  tool  is  in  shape  like  Fig.  55,  about 'five-eighths 
of  an  inch  broad  and  one-eighth  of  an  inch  thick.  It  is  used 
for  cutting  off  pieces  of  finished  work  from  the  block,  held  in 
the  cup  chuck,  or  on  a  face  plate,  such  as  bosses,  patellas, 
draught-men,  &c.  It  works  best  when  the  grain  of  the  wood 
is  running  at  right  angles  to  the  lathe  centres,  that  is  plank- 
ways. 

The  above  tools  are  about  sufficient  for  most  purposes. 
There  are,  however,  a  variety  of  other  tools  of  peculiar  forms 
required  by  turners  who  do  a  great  variety  of  work.  The 
shape  of  these  suggest  themselves  from  the  nature  of  the 
work  to  be  done.  Old  files  of  various  forms  are  often  utilised 
by  grinding  into  the  required  form.    In  the  grinding  of  all 
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tools,  see  that  the  ground  part,  or  chamfer,  is  a  straight  line 
from  the  heel  to  the  cutting-edge ;  and  in  setting  on  the  stone 
this  surface  should  lie  nearly  close  on  the  stone,  the  heel 
only  slightly  raised,  so  that  the  cutting-edge  comes  in  contact 
with  the  stone.  If  the  handle  end  is  held  much  higher,  a 
new  chamfer  is  immediately  formed  at  a  more  obtuse  angle 
than  the  ground  part,  and  the  tool  will  not  work  satisfactorily 
until  it  is  re-ground. 

The  first  actual  turning  is  done  with  the  gouge,  and  large 
ones  are  used  for  large  rough  work.  The  correct  angle  for 
grinding  the  gouge,  and  the  proportion  of  handle  have  been 
previously  mentioned.  The  rest  is  placed  just  clear  of  the 
revolving  work,  and  the  T  adjusted  to  a  convenient  height,  so 
that  when  the  cutting-edge  is  performing  properly,  and  the 
tool  resting  on  the  top  of  the  T,  the  handle  will  come  to  a 
convenient  place  at  the  right-hand  side.  The  height  of  the 
rest  is  therefore  generally  to  a  certain  extent  governed  by  the 
stature  and  habit  of  the  workman. 


CHAPTER  VII. 


LATHE  CHUCKS. 

ki'^IHE  appliances  used  for  attaching  the  work  to  be  turned 
ta.Ml  to  the  lathe-mandrel  are  called  chucks.  They  usually 
screw  on  to  the  mandrel  nose,  but  sometimes  this  has  an  inter- 
nal thread,  and  there  are  other  means  of  attachment.  Chucks 
are  used  in  wood  turning  according  to  the  kind  of  work  to 
be  performed,  but  the  hollow  chuck,  the  cone  screw  chuck, 
and  the  prong,  or  strut  chuck,  are  almost  indispensable  to  all 
turners.  By  the  aid  of  these  three  chucks  the  bulk  of  ordi- 
nary turning  is  performed.  They  should  be  made  of  metal, 
this  being  greatly  superior  to  wood,  while  the  difference  in 
cost  is  comparatively  slight.  Many  turners  use  chucl^  of 
beech  or  box.'  It  is  the  best  plan  to  have  the  three  chucks 
above  mentioned  made  of  cast-iron,  and  then  prepare  pieces 
of  beech  to  fit  the  hollow  and  the  screw  chucks.  If  metal 
chucks  are  not  used,  boxwood  should  be  used  and  not  beech. 
It  may  be  here  mentioned  that  for  iron  chucks  a  male 
mandrel-thread  is  best,  but  for  wood  chucks  a  female  man- 
drel is  often  preferable. 

The  prong  chuck,  Fig.  57,  is  used  for  every  kind  of  wood- 
turning,  when  the  work  is  supported  by  the  back  centre. 
The  most  simple  chuck  of  this  description  is  made  by  driving 
a  prong  into  a  wood  chuck.  The  prongs  are  sold  at  tool- 
shops  ready  forged  to  shape. 

The  ends  usually  terminate  in  a  plain  knife  edge,  which  is 
diametrically  across  the  prong.    This  form  is  wrong  in  prin- 
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ciple,  and  generally  unsatisfactory  in  use.  The  wedge-like 
edge,  when  forced  into  the  end  grain  of  the  wood,  tends  to  split 
it,  andthis  usually  results  when  the  prong  is  applied  incautiously. 
The  illustration,  Fig.  56,  shows  the  prong  made  as  it  should  be. 
A  metal  chuck  is  first  prepared,  and  the  steel  prong,  only 
roughly  shaped,  is  driven  into  it.  The  central  pip  is  turned 
up  true  on  the  lathe ;  it  it  shaped  conically,  as  shown.  Two 
opposite  sides  of  the  prong  are  then  made  flat  by  filing; 
they  taper  from  about  half  an  inch  wide  at  the  back  to  about 
three-sixteenths  or  one-eighth  of  an  inch  on  the  front  edge.  The 
two  edges  are  bevelled  from  the  back  only,  so  as  to  resemble  a 


carpenter's  chisel.  Prongs  of  this  shape  hold  the  work  m.ore 
firmly,  and  are  not  so  Hable  to  split  it  as  those  having  a  straight 
wedged-shaped  edge.  Each  prong  holds  at  an  independent 
place,  and  any  tendency  to  split  is  distributed  at  two  quite 
distinct  points.  The  central  pip  is  intended  to  keep  the  work 
central,  and  the  prongs  are  to  carry  it  round.  It  is  necessary 
that  the  pip  should  run  true,  so  that  the  work  may  be  replaced 
true  if  removed  from  the  lathe. 

In  use,  the  prong  chuck  is  first  imbedded  in  the  work  only 
so  far  as  the  pip  extends  beyond  the  edges  of  the  prongs. 
The  back  centre  is  brought  up  to  support  the  opposite  end ; 
the  lathe  is  set  in  motion,  and  the  work  set  true.  The  work 
is  then  driven  on  to  the  prong  chuck  by  means  of  a  mallet, 
sufficiently  to  firmly  imbed  the  prongs,  and  the  turning  may 
then  be  proceeded  with.     All  kinds  of  wood-turning  done 


Fig.  56.  Prong. 


Fig.  57.  Prong  Chuck. 


CONICAL  SCREW  CHUCK. 


between  centres  are  most  frequently  driven  with  the  prong- 
chuck,  and  it  is  only  in  special  cases  that  other  chucks  are 
used.  When  large  numbers  of  square  pieces  are  to  be  oper- 
ated upon,  a  square-hole  chuck,  such  as  has  been  described, 
is  better,  because  it  saves  time  in  chucking  the  work. 

The  next  chuck  illustrated  is  the  conical  screw-chuck, 
Fig.  58.  This  chuck  is  used  for  turning  all  kinds  of  wood 
plankways  of  the  grain,  when  a  central 
hole  is  allowable.  The  back  centre  is 
not  used  as  a  support  for  work  mounted 
on  this  kind  of  chuck. 

The  body  is  made  usually  of  cast 
iron,  but  sometimes  of  brass,  gun-metal, 
&:c.  It  may  be  from  two  to  four  inches 
in  diameter  for  a  five-inch  lathe.  The 
front  face  must  be  turned  quite  flat  and 
true.  The  conical-screw  is  of  steel. 
The  thread  should  be  coarse  and  thin, 
•similar  to  the  thread  of  an  ordinary 
wood-screw  but  conical.  A  special  screw  tool  is  necessary 
for  cutting  conical  threads,  in  order  to  make  them  upright. 
If  cut  with  the  ordinary  form  of  chaser,  the  thread  would 
lean  forward  very  much,  and  would  have  but  comparatively 
slight  hold  on  the  wood  into  which  it  was  screwed.  The 
steel  cone  may  be  fixed  into  the  casting  by  driving  in  from 
the  back,  or  a  fine  thread  will  hold  it  very  well,  but  it  must  be 
screwed  very  tight,  and  sometimes  has  to  be  riveted  at  the 
back  to  prevent  the  screw  being  removed  when  unchucking 
work. 

Fig.  59  shows  the  form  of  comb-screw  tool  suited  for  cutting 
the  thread  of  a  taper-screw  so  that  the  thread  is  itself  upright. 
The  teeth  are  cut  in  a  slanting  direction,  and  those  cutting 
the  small  part  of  the  cone  have  their  points  ground  off. 


Fig.  58.  Conical 
Screw  Chuck. 
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Different  sizes  are  employed,  according  to  the  dimensions 
of  the  work  to  be  turned ;  two  or  three  are  sufficient  for  most 
purposes.  To  mount  work  on  this  chuck  a  hole  is  bored 
centrally,  and  of  a  size  and  shape  suited  to  the  dimensions 
of  the  cone-screw.  A  conical,  half-round  bit,  such  as  is  com- 
monly used  in  the  carpenter's  brace,  is  a  useful  tool  for  this 
purpose.  The  wood  is  screwed  on  to  the  cone  screw  direct, 
the  chief  consideration  being  to  get  it  flat  against  the  face  of 
the  chuck.  When  this  is  secured,  the  work  may  be  taken  off 
and  replaced  tolerably  true.  Discs  of  wood,  which  would  be 
spoiled  by  having  a  hole  in  them,  are 
frequently  mounted  on  the  cone-screw 
chuck  by  being  first  glued  or  cemented 
on  to  another  piece  of  wood,  which  is 
bored  and  screwed  on  to  the  chuck.  If 
the  surface  of  a  piece  of  wood  fitting 

Fig.  59.  Screw  Tool    the  chuck  is  turned  true,  and  the  work 

FOR  Cutting  Thread         i  ,          ,  1  r  •,  r 

ON  Cone.  ^®       turned  has  one  of  its  surfaces 

planed  flat,  the  two  may  be  fixed 

together  by  glueing,  and  when  finished  the  separation  is  easily 

managed  with  care.    It  is,  perhaps,  the  best  plan  to  make 

the  joint  with  a  piece  of  paper  glued  on  both  sides.  This 

allows  easy  separation. 

Work  of  large  dimensions  is  sometimes  further  secured  on 
the  cone-screw  chuck  by  putting  wood  screws  through  the 
flange  into  the  work,  holes  being  bored  through  the  flange  to 
receive  such  screws.  An  ordinary  wood  screw  is  sometimes 
used  for  the  central  screw,  but  it  is  not  nearly  so  strong  as  the 
steel  screw,  illustrated.  For  some  purposes,  when  the  cen- 
tral screw  is  objectionable,  a  disc  of  wood  may  be  held  on 
a  flange  by  three  or  four  wood  screws,  the  central  screw  being 
dispensed  with. 

The  two  chucks  illustrated  afford  the  means  of  dealing  with 
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wood  in  the  form  of  both  rods  and  discs,  and  they  are  those 
in  most  general  request  by  the  wood-turner. 

The  next  illustration,  Fig.  60,  shows  a  spring-chuck  which  is. 
employed  to  clamp  small  pieces  of  wood.  This  chuck  is 
practically  self-centring,  and  is  the  kind  used  by  pipe-makers 
and  others  ;  it  is  suitable  for  chucking  tobacco  pipes,  &c. 
The  drawing  shows  a  chuck  with  six  grooves,  but  the  number 
is  immaterial.  Some  workmen  use  those  with  only  one  saw- 
cut,  dividing  the  chuck  into  two 
parts,  giving  only  two  jaws.  This 
is  undesirable,  as  the  work  so 
chucked  is  not  held  firmly.  Three 
jaws  would  act  very  well,  but  it  is 
difficult  to  cut  only  three  saw  kerfs, 
and  for  that  reason  six  is  the  num-  pig.  60.  Barrel  Chuck. 
ber  more  generally  made.  Good 

sound  boxwood  is  the  best  material  from  which  to  make  such- 
chucks,  and  at  the  termination  of  each  saw-cut  a  hole  should 
be  drilled.  This  not  only  lessens  the  liability  to  split,  but 
also,  by  decreasing  the  amount  of  material  near  the  butt 
end,  makes  the  chuck  more  flexible  at  that  point — a  desirable 
quality. 

In  order  to  ensure  the  jaws  bending  near  to  the  butt  end, 
the  interior  of  the  chuck  should  be  hollowed  out  where  the 
holes  are  bored.  This  method  of  reducing  the  substance  of 
the  wood  is  a  better  one  than  that  of  drilling  large  holes,, 
because  it  reduces  the  strength  in  the  right  direction,  and 
does  not  make  the  chuck  weak,  as  is  the  case  with  large 
holes. 

The  outside  of  this  chuck  is  turned  slightly  conical,  so  that 
the  metal  ring,  shown  in  Fig.  60,  when  forced  on  it  closes  the 
points  of  the  jaws,  thereby  gripping  any  work  that  may  be 
placed  within  them.    The  range  of  motion  in  the  jaws  of  this- 
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form  of  chuck  is  not  very  great,  and  hence  it  becomes  neces- 
sary to  have  several  spring  chucks  in  accordance  with  the 
various  sizes  of  work  to  be  executed.  In  order  to  prevent  the 
wood  from  spHtting,  an  iron  ring  is  often  put  around  it  at  the 
butt  end. 

It  is  important  to  see  that  the  ring  which  binds  the  staves 
together  runs  true,  as,  if  otherwise,  the  jaws  are  brought  to- 
gether unequally,  and  the  work  chucked  in  them  will  be 
eccentric.  The  inside  of  the  ring  should  be  rounded,  so 
that  its  edge  will  not  catch  and  cut  into  the  surface  of  the 
chuck. 

To  use  this  chuck,  the  ring  is  first  pressed  on  to  the  jaws 
moderately  tight,  so  that  it  holds  them  firmly.  A  recess  is 
then  turned  in  the  end  very  slightly  smaller  than  the  diameter 
of  the  object  to  be  chucked;  the  ring  is  then  pushed  towards 
the  front  end,  thereby  allowing  the  jaws  to  open.  The  work 
is  put  into  the  previously  turned  recess,  and  there  securely 
fixed  by  pushing  the  ring  back  till  the  jaws  clip  it  firmly. 
The  ring  is  often  driven  on  by  slight  blows  at  various  points 
of  its  circumference,  always  remembering  to  get  it  to  run  quite 
true. 

This  chuck  is  used  principally  for  work  which  has  already 
been  turned  true  at  some  part,  by  which  it  may  be  conveniently 
•chucked.  When  a  large  quantity  of  objects  are  to  be  turned, 
the  dimensions  of  which  are  approximately  the  same,  this 
chuck  is  the  most  useful  in  place  of  a  solid  wood  chuck,  in 
which  it  would  be  impossible  to  fix  any  but  those  of  exactly 
one  size.  As  an  example,  a  set  of  men  for  draught  playing 
would  be  chucked  with  the  greatest  ease  in  a  spring-chuck,  of 
the  pattern  illustrated,  for  the  purpose  of  ornamenting  one  of 
their  sides.  Some  objects  with  a  projecting  piece  are  most 
easily  turned  in  this  chuck.  The  bowl  of  an  ordinary  briar- 
root   tobacco-pipe  may  be  chucked  for  boring  by  merely 
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cutting  away  a  space  to  allow  the  stem  to  be  free  of  the 
jaws. 

In  the  next  figure  is  illustrated  a  chuck  specially  designed 
for  turning  discs  having  central  holes ;  or  it  may  be  used  for 
mounting  any  work  which  has  a  true  hole  in  its  centre,  the 
diameter  of  which  is  sufficient  to  allow  the  screw  shown  in  Fig. 
6 1  to  pass.  Numerous  central  screws  of  different  lengths  and 
diameters  to  suit  various  objects  may  be  fitted  to  such  a  chuck 
as  this.  Plain  steel  spindles,  with  a  thread  at  the  extremity 
only,  are  stronger  than  those  with 
a  thread  cut  all  their  length  ;  but 
they  do  not  afford  so  great  a 
range. 

The  body-part  of  Fig.  6i  is  the 
same  as  the  cone  screw-chuck, 
Fig.  58.  It  must  be  faced  up 
true  to  afford  a  bearing  for  any 
discs  mounted  on  it ;  and  in  the 
centi'e  it  has  a  hole  to  receive  the 
screw  shown  projecting  with  a 
cone  and  nut  on  it.    This  screw 

is  an  ordinary  bolt-thread  cut  on  steel,  and  must  be  quite 
straight.  The  length  will  be  governed  by  the  work  it  has  to 
do ;  those  from  two  to  six  inches  are  commonly  employed. 
The  diameter  is  restricted  by  the  size  of  the  hole  in  the  work  ; 
otherwise  it  is  well  to  have  it  large  enough  to  be  quite  stiff 
under  the  heaviest  cut  to  which  it  is  likely  to  be  subjected. 
The  cone  shown  is  bored  to  fit  without  shake  on  the  thread, 
and  must  be  turned  quite  true,  as  it  is  by  its  outside  that  the 
work  is  centred.  Hard  wood  is  frequently  sufficiently  durable 
for  cones,  used  only  for  Hght  wood  work ;  but  metal  is  better, 
and  when  the  chuck  is  used  for  metal  work,  metal  cones  are 
necessary,  and  they  are  often  made  of  steel.    Any  number 


Fig.  61.  Chuck  for  Turning 
Discs. 
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of  cones  may  be  made  to  fit  on  one  screw,  and  several  are 
required  to  suit  holes  of  different  sizes. 

An  ordinary  hexagon  nut  is  used  to  force  the  cone  up  to  its 
work,  a  plain  washer  being  interposed  between  it  and  the 
outer  edge  of  the  cone.  It  will  be  understood  that  the  disc 
mounted  on  this  chuck  is  kept  flat  by  the  face  of  the  flange, 
which  also  bears  against  the  work  with  sufficient  friction  to 
<carry  it  round  with  it,  and  will  hold  firm  against  any  moderate 
cut. 

The  centrality  of  the  disc  is  maintained  by  the  cone,  which 
bears  against  the  inner  edge  of  the  hole  in  the  work,  and  is 
kept  there  by  the  hexagon  screw-nut.  The  cone  itself  pene- 
trates the  work  till  its  diameter  is  greater  than  that  of  the 
hole;  it  then  wedges  the  disc  against  the  flange.  This 
wedging  force  is  liable  to  split  wood  which  is  not  very  tena- 
cious, though  it  is  not  in  any  way  detrimental  to  metal ;  and 
some  hard  woods  will  stand  well  under  the  pressure. 

To  secure  wood  that  would  be  split  by  forcing  the  cone  in 
far  enough  to  wedge  sufficiently  tight  for  turning,  another 
piece  is  fitted  to  this  chuck.  This  may  be  thus  described. 
The  screw  must  be  considerably  longer  for  using  this  piece, 
which  consists  of  a  cup-like  casting,  the  hollow  of  which  is 
sufficiently  large  to  contain  the  hexagon  nut  and  projecting 
portion  of  the  cone.  The  bottom  of  the  cup  is  bored  to 
accurately  fit  the  screw,  and  the  edge  is  turned  flat  and  true ; 
another  nut  has  to  be  provided  similar  to  the  one  shown,  its 
purpose  being  to  force  the  cup  against  the  work  on  the  chuck. 
To  use  this  extra  piece,  the  disc  is  first  mounted  in  the 
manner  already  described,  with  the  cone  screwed  up  just 
sufficiently  tight  to  keep  the  work  central.  The  cup  is  put  on 
next  with  its  edge  resting  against  the  disc,  A  nut  being 
screwed  on  behind  the  cup  causes  its  edge  to  grip  the  work 
and  wedge  it  against  the  face  of  the  flange.    By  this  arrange- 
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ment  a  disc  may  be  secured  quite  tightly,  without  in  the  least 
tending  to  split  it.  The  broad  surface  of  the  flange  will  not 
indent  any  but  very  soft  material,  and  even  this  can  be  pro- 
tected with  a  disc  of  cardboard.  The  edge  of  the  cup  may 
also  bear  on  the  work  through  an  interposed  piece  of  wood, 
so  that  it  will  not  mark  finished  work. 

Fig.  62  shows  a  modified  form  of  the  chuck  illustrated  by 
Fig.  58.  The  conical  screw  is  replaced  by  an  ordinary  wood 
screw,  and  a  couple  of  other  wood  screws 
near  the  edge  of  the  disc  further  secure  the 
work. 

A  fully-equipped  lathe  has  a  lot  of  acces- 
sories, but  a  pattern  maker  doing  only  ordi- 
nary work  may  get  along  comfortably  with 
very  few  of  these.    A  six  inch  and  a  nine 
inch  face-plate,  and  one  or  two  cup-chucks 
in  addition  to  those  already  illustrated,  are 
about  sufficient.    The  face-plates  are  made 
to  screw  on  to  the  nose  of  the  mandrel.    Fig.  62.  modified 
The   six-inch  face-plate  should  have   a  ^°^^chuck.^^^ 
conical  screw  in  the  centre,  with  a  coarse 
deep  thread  about  five-eighths  of  an  inch  long  ;  the  plate  has 
also  a  number  of  holes  to  admit  screws  to  fix  the  work  from 
the  back;  but  discs  up  to  the  size  of  the  plate,  and  even 
larger,  do  not  need  these  screws,  the  central  one  being  suffi- 
cient. 

The  nine-inch  face-plate  should  have  a  very  small,  sharp 
conical  stud  in  its  centre  and  be  truly  central ;  the  work  is 
centred  on  this  stud,  and  fixed  with  screws  through  the  plate. 
This  face-plate  comes  in  frequently  in  pattern-making. 

Two  cup-chucks  are  necessary,  one  about  two  inches,  the 
other  about  four  inches  diameter,  and  from  one-and-a-half 
inch  to  two  inches  deep.    They  are  used  to  hold  pieces  of 
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wood  that  have  to  be  manipulated  on  the  end  projecting 
from  the  chuck,  and  that  could  not  be  held  on  a  face-plate. 
The  smaller  cup-chuck  is  often  used  as  a  drill-chuck.  The 
turner  fits  a  number  of  pieces  of  hard  wood  to  this  chuck  : 
in  the  centre  of  each  he  drives  a  drill  or  boring  bit  firmly  ; 
all  bits  are  thus  provided  with  wooden  blocks,  and  these  all 
fit  the  cup-chuck.  The  turner  selects  the  bit  or  drill  he 
wants,  inserts  its  block  in  the  cup-chuck,  gives  the  block  a  few 
taps  with  a  hammer  while  the  lathe  is  running,  and  the  bit  is 
immediately  set  true. 

A  few  taps  on  the  side  of  the  block,  which  projects  about 
an  inch  out  of  the  cup,  release  it  from  the  cup  ;  or  the  lathe  is 
run  backwards,  thus  allowing  the  cup  to  screw  off  the  nose, 
and  the  block  with  its  bit  are  driven  out  with  a  round  pin  of 
wood  through  the  screw-hole  at  the  back. 


CHAPTER  VIII. 


Fig.  63.  Core-Box  and  Round  Core. 


CORE-BOXES  AND  PILLOW-BLOCK 
PATTERNS. 

lORES  are  internal  parts  which  form  a  hollow  in  the 
casting.  Core-boxes  are  used  for  forming  cores,  and 
illustrations  of  boxes 
used  for  making 
round  and  square 
cores  are  given  be- 
low. The  drawings, 
Figs.  63  and  64  are 
so  clear  that  verbal 
explanation  is  un- 
necessary. For 
making  a  core  the  two  halves  of  the  core-box  are  clamped 
together,  and  the  cavity  filled  with  core  sand,  rammed  in 
tightly,  so  that  on  separating  the  halves  a  solid  core  of  sand 

is  found,  as  shown 
in  the  illustrations. 

Cores  may  be  of 
various  forms,  and 
an  ingenious  method 
of  forming  core- 
boxes  of  peculiar 
forms  is  given  be- 

Fig.  64.  CORE-BOX  AND  SQUARE  CORE.  j^^^      r^^^   ^  p.^^^ 

of  hard  wood  just  the  shape  for  the  hollow  space  within 
the  casting,  and  also  with  the  core  prints  on  it.    It  is  easier 

H 
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to  turn  this  into  the  shape  wished  than  to  carve  out  a  similar 
shape  in  the  two  halves  of  a  core-box.    One  form  is  shown  in 

Fig.  65,  and  to  make  a 
box  from  this,  cover  it 
^  with  a  thin  coat  of  glue, 


Fig.  65.  Model  for  Core-Box. 


and  give  it  a  coat  of 
sharp  sand  or  powdered 
glass,  the  same  as  that 
used  on  glass  paper. 
One  coat  will  not  remain  to  do  very  great  service,  but  is 
sufficient  to  grind  out  the  two  halves  of  the  box  after  the 
greatest  part  has  been  roughed  out  with  some  tool. 

As  soon  as  each  half  has  been  ground  nearly  to  the  centre, 
place  them  both  over  the  grinding  form,  and  bring  them  close 
together,  while  the  lathe  is  in  motion,  with  a  pair  of  hand 
clamps.  The  two  halves  of  the  core-box  are  clamped  together 
just  where  they  belong,  with  the  grinding  form  between  them. 
Now  drill  holes  for  the 
dowel  pins,  and  square 
up  the  outside  of  the 
blocks  true  with  each 
other.  One  of  these 
core-boxes  is  shown  at 
Fig.  66,  all  ready  for 
filling  with  the  core 
sand.  In  this  way  of 
grinding  out  a  box,  all 
careful  paring  out  and 
filling  in  with  wax  is 
done  away  with,  and 
a  fit  is  got  that  is  as  near  as  need  be,  with  very  little  trouble 
compared  with  cutting  out  by  hand. 

Probably  in  machine  work  no  pattern  comes  round  with 


Fig.  66.  Core-Box  of  Peculiar  Form. 
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Fig.  67.  Complete  Pillow  Block. 


Fig.  68.  Pillow  Block  in  Plan. 


greater  frequency  than  the  pillow-block  or  plummer-block . 
Pillow-blocks  are  of  various  sizes,  forms  and  kinds.  They 
are  made  to  be  used  plain,  to  receive  a  lining  of  Babbitt- 
metal,  or  for  brasses.  They 
are  cast  apart  and  bolted  to 
framing  are  cast  on  the 
frames,  and  may  form  corner- 
blocks,  brackets,  standards 
and  hangers ;  for  all  are  modi- 
fications of  the  pillow-block. 
We  may  take  it  for  an  ex- 
ample in  pattern  making. 

Fig.  67  represents  a  pillow- 
block  of  the  simplest  kind,com- 
plete  with  its  cap  and  bolts,  as  it  would  appear  upon  a  drawing 
of  some  machine  Fig.  68  shows  the  block  in  plan,  the  cap  and 
bolts  being  removed.  Leaving  the  cap  for  the  present,  we 
decide  that  that  the  block  shall  be  moulded  base  uppermost, 
as  in  that  position  the  whole  of  the  pattern  will  lie  in  the  lower 
part  of  the  mould,  the  underside  of  the  base  presenting  a  level 
surface  for  an  easy  parting.  The  holding-down  bolts  require 
two  oval  holes  to  be  made  in  the  casting,  round  holes  are 

also  required,  with  square  re- 
cesses, to  receive  the  cap 
bolts.  Fig.  69  shows  the 
pattern  with  the  necessary 
core-boxes  for  obtaining  this 
casting. 

For  the  base  plane  up  a  piece  of  board,  giving  it  a  little 
taper,  or  draft,  to  the  ends,  but  leave  the  sides  square  until  the 
other  part  of  the  pattern  is  attached.  With  a  steel  scriber,  or 
cutting  knife,  draw  a  centre  line  across  the  base  on  both  sides, 
lengthways  of  the  base.   The  bottom  of  the  pillow-block,  which 


Fig.  69.  Pattern  for  Pillow 
Block. 
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is  the  side  uppermost  in  Fig.  69,  is  the  cope-side  of  the  pat- 
tern. On  the  cope.-side  draw  the  recesses  for  the  square-headed 
cap-bolts.  On  the  reverse  side  draw  the  oval  holes  for  the 
holding-down  bolts. 

The  body  of  the  block  can  be  sawed  at  the  band-saw.  The 
sides  of  the  block  are  supposed  to  be  parallel,  therefore  very 
little  draft  can  be  given  to  them,  say  one-thirty-second  of  an 
inch  for  six  inches  in  depth.  Twice  that  amount  may  easily 
be  given  to  the  ends  of  the  body,  as  at  that  part  draft  does  not 
interfere.  On  the  base  of  the  block,  in  Fig.  69,  are  two  project- 
ing pieces  having  a  great  deal  of  taper.  These  are  core-prints, 
which  form  recesses  in  the  cope  to  steady  the 
long  cores  which  pass  through  the  body  of  the 
block.  The  reason  so  much  taper  is  given  to 
these  prints  is  because  cores  projecting  into 
the  cope,  if  not  well  tapered  off,  will  catch  on 
the  sides  of  the  recesses  made  for  them  in  the 

cope,  and  damage  or  destroy  the  mould  when 
Fig.  70.  Core-Box     ^  ^ 

FOR  Cap-bolt   it  is  being  closed  up. 

Holes.  These  cope-prints  should  be  fitted  into  re- 

cesses cut  in  the  base  of  the  block  so  that  they  may  be  loose 
on  the  pattern,  if  the  block  is  to  be  moulded  in  a  flask.  Parts 
of  a  pattern  that  rise  into  the  cope  are  preferred  loose  by 
the  moulder,  the  objection  against  making  them  so  is  that 
pieces  are  liable  to  be  lost  when  the  pattern  is  stored  away,  an 
objection  which  should  have  but  little  weight  under  a  proper 
system. 

The  core-box,  Fig.  70,  for  the  cap-bolt  holes  is  formed  of 
three  pieces,  exclusive  of  the  ends.  One  piece,  marked  a, 
must  be  in  length  equal  to  the  depth  of  the  pillow-block,  with 
the  lower  round  prints  :  less  the  depth  of  the  square  recess  in 
the  base.  In  this  piece  plane  out  a  semicircle  of  the  diameter 
of  the  core.    The  piece  next  to  it,  marked  b,  is  for  the  square 
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recess ;  it  therefore  corresponds  with  the  heads  of  the  bolts 
but  is  somewhat  thicker  and  larger.  In  this  piece  a  triangle 
is  cut  a  little  larger  than  half  ,a  bolt-head  divided 
diagonally,  as  shown  at  d,  the  end  view  of  the  box. 
The  piece  marked  c  forms  that  portion  of  the  core 
which  fits  the  recesses  in  the  cope  left  by  the 
square  tapering  prints  on  the  base  of  the  block.  ^'8- 7^- 

CORE"BOX. 

It  is  therefore  cut  out  to  fit  the  half  of  these  prints ; 
the  taper  will  then  be  the  same.    These  pieces,  fastened  to- 
gether, and  having  ends  nailed  on,  form  a  box  in  which  half  a 
core  can  be  made.    The  half  cores,  when  dry,  are  pasted 
together. 

The  oval  core-box,  shown  in  Fig.  71,  is  formed  by  dowelling 
two  pieces  together,  so  that  they  part 
freely,  and  cutting  out  an  oval  whose 
centre  line  corresponds  with  the  parting 
line  of  the  box.  The  depth  of  the  box 
equals  the  base  of  the  pattern  plus  the 
oval  print'.  The  cap  pattern,  shown  in  Fig.  72,  can  be  cut 
out  with  a  saw ;  the  two  prints  afterward  to  be  bradded  on  to 
match  those  in  the  block.  A  special  core-box  is  not  necessary, 
as  a  portion  of  a  core,  made  in  box,  Fig.  70,  would  serve. 
Moreover,  most  foundries  are  provided  with  boxes  for  making 
plain  round  cores  of  any  size  up  to  three 
inches  or  four  inches.  If  thought  more 
convenient,  the  cap  may  be  made  to 
mould  the  reverse  way  to  that  here  shown. 

When  a  pillow-block  is  required  with  a 
Babbitt-metal  lining,  it  is  usually  made  as 
shown  in  Fig,  73.    The  patterns  for  the 
block  and  the  cap  are  made  as  before  described,  with  the  ex- 
ception that  the  place  to  receive  the  shaft,  is  cut  out  as  much 
larger  than  the  shaft  as  is  needed  to  give  the  required  thick- 


Fig.  72.  Pattern  for 
Cap. 


Fig.  73.  Lined  Pillow 
Block. 
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Fig.  74.  Pillow  Block  to 
Mould  base  upwards. 


ness  of  Babbitt.  A  half- ring  is  then  glued  in  each  end  of  the 
hollow,  to  reduce  the  diameter  to  a  little  larger  than  the  size 
of  the  shaft.    Two  slight  strips  of  wood  run  the  whole  length 

of  the  bearing ;  they  must  be  loose, 
]  and  yet  keep  their  position  during 
the  operation  of  moulding;  there- 
fore in  each  extremity  of  the  half- 
rings  a  check  is  cut  to  receive  the 
end  of  a  strip.  The  strips  must 
have  a  Httle  play  endwise,  and  also  be  planed  a  Httle  narrower 
than  the  rings,  or  they  will  stand  out  beyond  them  in  the 
casting.  Plenty  of  taper  should  always  be  given  to  both  strips 
and  half-rings,  as  shown  in  the  figure. 

In  small  bearings— say  under  an  inch  in  diameter— the 
strips,  which  are  to  keep  the  Babbitt  lining  from  turning  with 
the  shaft,  or  from  falling  out,  are  sometimes  omitted,  in 
which  case  a  recess  may  be  cut  in  the  pattern  at  the  bottom 
of  the  bearing,  or  holes  may  be  drilled  in  the  casting. 

In  cases  where  a  number  of  bearings  of  the  same  size  are  to 
be  cast  on  a  frame,  it  is  often  preferable  to  core  them  out,  and 
so  get  a  stronger  pattern,  with  only  one  core-box  to  fit  up  with 
strips,  etc.,  instead  of  all  the  bearings.  Fig.  74  is  an  elevation 
of  a  different  form  of  pillow-block  pattern,  intended  to  mould 
base  uppermost,  but  to  have  the 
bearing  cored  out.  In  this  block 
a  print  is  fixed,  where,  in  Fig.  69 
the  recess  for  the  cap  was  cut  out. 
This  print  is  the  same  length  as 
the  bearing,  but  its  thickness  may 
vary.  The  drawing  shows  the  pattern  made  for  Babbitting. 
Sections  of  the  required  core-box  are  shown  in  Figs.  75  and 
76.  A  block  of  rectangular  section  has  a  half  circle  cut  out 
equal  to  the  thickness  of  the  print,  plus  the  depth  of  the 


Fig-  75. 


Fig.  76. 


Sections  of  Core  Box. 
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the  box,  they  need  not  be  carried  higher  than  the  recess  re- 
quired in  the  casting.  Half  circle  rings,  equal  to  the  size 
of  the  Babbitt  outside,  are  placed  at  each  end  of  underside 
of  the  strips,  as  these  will  be 
confined  by  the  ends  of  the  box. 
In  some  cases  this  makes  a 
stronger  and  cheaper  pattern,  as 

one  core-box  will  do  for  any 

Fig.  77.  Cored  Pillow-Block. 

number  of  bearings  of  the  same 

size.  The  drawback  is  that  which  is  common  to  all  work 
when  cores  are  employed.  An  element  of  uncertainty  is 
introduced  ;  the  cores  themselves  may  not  perfectly  agree  to- 
gether ;  they  may  be  set  untruly  in  the  mould,  they  may  be 
out  of  line  or  out  of  square. 

Now  take  a  pillow-block,  which  we  are  bound  to  mould 
sideways,  because  the  frame  on  which  it  is  to  be  cast  moulds 
in  that  direction,  and  we  have  no  choice  but  to  core.  Fig.  77 
shows  a  block  which  will  be  wholly  in  the  lower  part  or  drag 
of  the  mould,  the  top  being  the  line  of  parting. 

The  print  as  used  in  Fig.  77  is  also  applied  in  this  case 
to  ensure  uprightness  in  the  core.  In  addition  to  this  a  print 
cut  to  the  form  of  the  aperture  required,  is  applied  to  the  end 
of  the  bearing,  forming  an  additional  guide  for  the  core.  This 
is  the  method  ordinarily  followed,  but  if  the 
exigencies  of  the  work  demand  it,  we  may 
omit  either  one  of  these  prints.  If  the  print 
only  is  retained,  make  it  much  thicker,  or 

the  core  may  not  be  securely  placed. 
Fig.  78.  Core-Box.  ,         .„  ,  ,  ,  . 

The  core-box  will  be  made  as  shown  m 

plan,  Fig.  78.    In  sections  it  resembles  Figs.  75  and  76,  but  at 

one  end  it  is  longer  as  much  as  the  thickness  of  the  print. 

The  prints  for  the  bolt-cores  cannot  be  put  on  as  before,  as 

they  would  lock  the  pattern  in  the  sand.    The  prints  to  be 
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Fig.  79. 


employed  will  not  only  cover  the  outline  of  the  holes,  but  will 
be  carried  up  to  the  parting  line  of  the  mould  as  seen  in  Fig. 

77.  In  this  figure,  the  prints  on  both 
cheeks  of  the  block  are  shown  in  full 
line,  and  also  one  of  the  prints  on  the 
base  in  dotted  line.  A  core  can  be 
made  that  will  fill  the  spaces  left  by  the 
Core  box'^  ^°  prints  and  have  the  holes  in  the  castings 
in  the  core-box,  shown  in  plan.  Fig.  79. 
Fig.  80  being  an  end  view  of  the  same  with  one  end  of  the  box 
removed.  The  prints  employed  for  the  bolt-holes  in  this 
figure  are  called  long  prints ;  they  should  have  plenty  of  taper, 
so  that  the  core  may  be  easily 
lowered  into  its  place.  Ordinary 
prints  have  very  little  taper,  and 
the  core-box  is  tapered  to  match. 

Another  plan  of  making  the 
pillow-block  to  mould  sideways, 
though  it  cannot  always  be  em- 
ployed, is  shown  in  Fig.  81.    The  pattern  is  made  in  halves, 
the  parting  line  of  the  mould  passing  through  the  centres 
of  the  bolt-holes.    The  bearing  prints  and  core-box  are  similar 

to  Figs.  77  and  78, 
with  the  exception 
Jj  that  the  print  is  in 
two  pieces.  The 
bolt-hole  core-prints 
are  as  in  Fig,  69,  but 
those  on  the  base 
are  not  made  taper. 

Another  design  for  a  pillow-block  is  shown  in  Figs.  82 
to  84 :  a  plan,  an  elevation  and  an  end  view.  This  pillow- 
block  is  for  an  eight-inch  shaft.    The  base  being  three-and- 


Fig.  81.  Pillow-Block  to 
Mould  sideways. 


Fig.  82.  Plan  of  Pillow-Block. 
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a-half  inches  thick,  need  not  be  made  solid,  but  may  be  like 
a  box  without  a  lid  —  a  piece  of  board  the  proper  length 
and  width,  and  one-and-a-quarter  inches  thick,  with  strips 


Fig.  83.  Fig.  84. 

Side  of  Pillow-Block.  End  of  Pillow-Block. 


about  one-and-a-half  wide  and  two-and-a-quarter  inch  high, 
nailed  on  to  make  three-and-a-half  inches  around  the  edge  of 
the  board.  Complete  the  base.  The  moulder  will  fill  the 
box  with  sand  when  making  his  parting,  so  that  the  pattern 
will  be  just  the  same  as  if  it  had  a  base  of  solid 
wood. 

The  cheek  pieces  being  about  twelve  inches 
high,  give  them  each  not  less  than  one-thirty- two 
inch  taper  inside,  and  three  thirty-two  inch  out- 
side, the  edges  to  receive  each  one-sixteenth-of-an 
inch.    These  pieces  should  be  set  to  a  line,  held 
in  that  position  temporarily  by  fine  nails  partially 
driven,  and  then  be  very  firmly  screwed.  The 
brackets,  which   strengthen   the  cheeks,  may 
be  screwed  on  next.    The  base  of  the  brackets  core-Box. 
terminate  in  a  small  curve  instead  of  a  sharp 
point ;  this  gives  the  cross-grain  a  better  chance  to  stand ;  but 
we  can  get  over  the  difficulty  by  cutting  recesses  in  the  brace 
for  the  brackets  to  stand  in. 


I J 


Fig.  86.  Cap  for  Pillow- 
Block. 
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Nail  and  glue  in  the  corner  pieces,  which  form  a  seat  for  the 
brass ;  add  the  facings  or  bosses  for  the  holding-down  bolts'^ 

and  nail  prints  upon  them.  The 
cap-bolts  do  not  pass  through  the 
block,   but  stop  at   the  corner 
pieces ;  this  enables  a  bolt  to  be 
changed  without  disturbing  the 
block  from  its  foundation.  The 
shape  of  the  prints  for  the  cap-bolts  is  shown  clearly  in  the 
plan.    They  are  to  be  fastened  on  top  of  the  cheeks.  The 
core-box  for  them  is  shown  in  plan  and  section  Fig.  85. 

Fig.  86  is  an  elevation  of  the  cap ;  the 
black  parts  are  prints. 

Fig.  87  is  a  section  of  one  of  the  brasses 
for  this  pillow-block ;  it  will  mould  bearing 
uppermost,  very  little  draft  being  given,  as 
the  brass-moulder's  sand  is  finer,  and  there- 
fore more  tenacious,  than  that  of  the  iron-moulder.  Make 
first  the  body  of  the  pattern,  shaping  the  outer  flat  sides  only. 
Fix  a  flange  on  each  end  of  the  body,  and  lastly  saw  the 
bearing  out. 


Fig.  87.  Section 
OF  Bearing. 


CHAPTER  IX. 


CIRCULAR  WORK. 


A  Segment. 


|T  is  often  required  to  form  circular  patterns,  short  length, 
as  compared  with  their  diameter.  When  it  is  necessary 
that  these  should  be  strong,  and  preserve  their  shapes,  are  not 
made  from  a  solid  piece  of 
wood,  but  are  built  up  in  layers 
and  segments.  For  rings,  or 
thick  circular  plate  patterns, 
for  preserving  the  size,  and  for 
strength,  build  up  courses  of 
segments,  such  as  Fig.  88,  the  grain  of  each  segment  running 
at  right  angles  to  the  radius,  as  shown  in  Fig.  89,  the  number 
of  segments  round  the  circle,  may  be  for  small  rings,  say 
from  six  inchs  to  eight  inchs  diameter,  divide  the  circle  into 
four  parts.    For  larger  diameters,  up  to  four  feet  or  five  feet, 

use  six  or  eight  segments  to  the 
circle.  The  thickness  of  the  ring 
to  be  built  has  to  be  considered 
in  determining  the  number  of 
segments,  the  fewer  the  segments 
the  more  cross-grain,  and  a  thin 
ring  will  not  bear  so  much  as  a 
thick  one. 

The  greater  the  number  of  segments  the  nearer  will  the 
grain  lie  parallel  with  the  circumference,  and  the  truer  the  face 
plate  will  keep  under  changes  of  the  atmosphere.    It  will 


Fig.  89.  Built  Circular  Plate. 
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also  tura  up  truer,  because  the  tool  is  cutting  with  the  grain 
all  round  circumference. 

The  thickness  of  the  segments  is  to  be  considered.  The 
thinner  they  are,  the  stronger  the  work.  But  with  thick  seg- 
ments the  work  is  built  up  quicker,  and  therefore  cheaper — 
a  matter  often  having  considerable  weight. 

The  construction  of  the  wooden  face-plate  used  in  turning 
is  a  good  illustration  of  this  principle.  Small  wooden  face- 
plates are  generally  made  by  simply  screwing  slabs  of  wood 
to  the  iron  face-plate.    As  the  diameter  increases  a  batten 

is  placed  across  the 
grain,  which  sup- 
ports the  face  more 
uniformly,  but  does 
not  avoid  the  shrink- 
age ;  when  the  dia- 
meter exceeds  two 
feet    a    system  of 

Fig.  90.  Ring  built  with  Arms  and  Segments.  ^'^'^^  segments 

is  adopted  as  shown 

in  Fig.  90.  The  direction  of  the  grain  in  the  arms  tends  to 
keep  the  outline  of  the  diameter  correct,  while  the  grain  in 
the  segments  keeps  the  circumference  true. 

In  building  up  ordinary  rings  the  same  considerations 
apply,  and  the  same  course  is  taken  in  all  built-up  circular 
work.  The  cheapest  and  best  method  depends  partly  upon 
the  tools  and  appliances  of  a  shop. 

Rapid  building  consists  in  the  easy  production  of  segments, 
and  in  laying  them  on  quickly.  To  produce  segments,  the 
following  is  a  good  method  : — 

First  lay  out  a  template,  allowing  about  three-sixteenths 
•of  an  inch  on  each  surface  for  turning,  and  not  over  one- 
eighth  of  an  inch  on  the  joint.    The  number  of  segments 
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should  rarely  be  less  than  six  to  each  course,  the  number 
being  such  as  to  afford  sufficient  lap  over  each  joint  for 
strength,  and  yet  not  too  much  crossing  of  the  grain  on  the 
segment  below.  The  thickness  of  the  courses  depend  upon 
the  strength  required ;  as  a  rule  the  thinner  the  courses  the 
stronger  the  ring,  if  the  ring  is  thin,  or  narrow,  it  will  require 
thin  courses.  Saw  the  pattern  segment  out  carefully  to  the 
line.  From  this  mark  off  on  a  board  of  the  required  thick- 
ness the  number  of  segments  requisite,  and  saw  them  out 
carefully  to  the  line,  as  care  in  this  point  will  pay  in  the 
building  up  and  turning  afterwards.  In  all  segments,  the 
grain  of  the  wood  must  run  at  right  angles  to  a  radial  line, 
drawn  to  the  middle  of  the  curve. 

Our  segments  are  now  in  condition  to  be  laid  on,  without 
any  further  planing,  either  on  the  sides  or  ends.  Having  sel- 
ected a  wooden  chuck  the  size,  or  a  little  larger,  than  the 
work  to  be  built,  strike  a  circle  upon  it  exactly  the  same  di- 
ameter as  the  segments  are  scribed  to  ;  unless  this  is  attended 
to  the  segments  will  require  jointing  on  the  ends. 

Remove  the  chuck  with  iron  face-plate  attached  from  the 
lathe  and  place  it  on  the  bench,  supported  by  a  ring  or 
other  packing  to  clear  the  face-plate,  so  that  the  chuck  may 
lie  firm  and  solid.  Take  the  first  segment,  glue  one  end,  set  it 
to  the  line,  and  secure  it  by  small  nails  partially  driven  in 
a  slanting  direction,  into  the  inner  and  outer  edges  of  the 
segment ;  it  takes  but  little  to  hold  it.  Having  glued  each 
end  of  the  second  segment,  set  it  to  the  line  and  butt  it 
against  the  first ;  drive  in  a  dog  or  square  staple  across  the 
joint  to  draw  it  close  and  nail  as  before.  So  proceed  until  the 
fifth  segment  has  been  laid.  Now  take  the  last  segment, 
which  should  be  rather  long,  and  fit  it  to  its  place.  Place 
the  work  on  the  lathe  and  face  off  the  first  course. 

The  courses  that  follow  are  laid  in  the  same  manner,  but 
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the  nails  will  be  driven  through  each  segment.  Each  course 
should  be  faced  on  the  lathe.  After  three  courses  have  been 
laid,  insert  screws  through  the  chuck  fo  hold  the  work,  and 
withdraw  the  nails. 

This  method  is  most  commonly  practised  for  building  up 
rings;  but  in  some  cases  nails  are  objectionable.  When  this 
is  so,  having  the  chuck  upon  the  bench,  before  laying 
the  first  course,  place  strips  of  paper  where  the  joints 
will  come,  and  others  between,  if  the  work  is  large.  Glue 
■each  end  of  the  first  segment,  and  on  the  side  which 
goes  next  the  chuck  put  a  few  spots  of  glue.  Set  it  to  the  line 
and  cramp  it  down ;  serve  the  next  in  a  similar  manner,  dog- 
ging the  joint  before  the  cramps  are  applied.  When  a  course 
is  complete,  it  must  have  time  to  dry,  perhaps  an  hour  or 
more.  This  is  inconvenient,  unless  you  have  some  other  work 
while  this  process  is  proceeding,  or  the  insertion  of  wooden 
pegs  be  permitted.  In  such  a  case  the  cramp  may  be  re- 
moved, and  the  work  faced  off  immediately  in  the  lathe. 

Another  method  is  to  bore  holes  through  the  face-plate,  a 
sliding  fit  for  screws,  one  or  two  to  each  segment,  according  to 
size.  Place  the  first  segment  to  the  line  and  screw  it  on  from 
the  back,  with  the  truest  side  to  the  face-plate.  Next  place 
the  second  segment  with  its  sawn  joint  butt  against  the  sawn 
joint  of  the  first,  set  to  the  line  and  hold  with  hand  screws. 
Now  saw  through  the  joint,  then  tap  up  the  second  seg- 
ment to  close  the  joint,  and  screw  fast  to  the  face-plate.  This 
is  repeated  with  the  rest  of  the  segments  of  the  first  course. 
Take  off"  every  alternate  segment  and  glue  the  butt  joints,  first 
putting  thin  paper  under  each  joint  so  that  it  will  not  be  glued 
to  the  face-plate.  Face  off"  the  first  course  on  the  lathe ;  by 
testing  the  face  with  a  chalked  straight  edge  it  can  be  made 
very  true.  Then,  while  still  in  the  lathe,  commence  with  the 
the  next  course  by  gluing  on  the  first  segment  across  a  joint, 
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and  either  carefully  nailing  it  down  in  the  centre  with  four 
nails  or  with  pins,  or  by  pinning  it  down  on  the  outside  edge 
by  toe-nailing,  or,  what  will  be  found  the  best  in  light  work, 
is  to  dog  the  joint  together  with  staples.  Each  segment  is 
held  by  one  or  two  hand  screws  while  the  saw  is  being  run 
through  the  joint,  and  then  taken  off  and  the  next  one  put  on, 
and  so  on.    By  this  method  the  building  up  may  be  done 


Fig.  gi.  Series  of  Tongues  and  Grooves. 


entirely  in  the  lathe  by  a  continuous  gluing  up,  not  having  to 
wait  for  the  glue  to  set,  or  to  face  up  segments,  and  with  the 
use  of  but  two  hand  screws,  while  the  joints  are  made  easier 
and  better. 

To  produce  a  circular  disc  that  will  retain  its  size  and  shape, 
build  a  strong  rim  with  two  courses  of  segments  glued  and 
screwed  together,  and  turned  out  in  the  lathe  to  form  a  rabbet. 
Then  turn  a  panel,  to  fill  the  centre,  and  fix  it  in  place  with 
screws.  The  centre  filling,  if  large,  should  be  composed  of 
several  strips  with  their  edges 
grooved  to  receive  a  tongue, 
which  runs  the  whole  length 
of  the  joint.  See  fig.  91. 
When  several  boards  are  to  be  Fig.  93.  groove  and  Tongub 
joined  edgeways,  the  tongues  Joint. 
and  grooves  are  made  as  shown  in  fig.  92.  The  joints  should 
be  left  a  little  open. 

If  the  required  disc  is  too  thin  to  admit  of  the  above  method 
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of  treatment,  the  following  stands  very  well,  but  is  liable  to 
become  "  dished , "  that  is,  hollow  on  one  side  and  round  on 
the  other.  Prepare  a  series  of  rings,  each  composed  of  one 
course  of  segments,  and  turn  a  centre-filling,  composed  of 
quadrants.  Take  the  segments  composing  the  smallest  ring 
and  glue  them,  one  by  one,  by  their  inner  edge  to  the  centre. 
Glue  on  the  other  rings  in  segments  in  the  same  manner  until 
large  enough.  A  disc  four  feet  in  diameter  should  have  the 
centre  about  twelve  inches  diameter  and  the  segment  rings 
about  four  inches  wide.  These  sizes  might  lessen  for  a 
smaller  disc,  but  not  increase  much  for  a  larger.  Thin  wide 
rings  are  also  made  in  this  manner  by  leaving  out  the  quad- 
rants. It  sometimes  occurs  that  a  loose  circular  flange  or 
pattern  is  so  thin  that  but  one  thickness  or  course  can  be 
easily  made;  then  the  neatest  way  to  strengthen  the  joints  of 
the  segments  is  to  make  a  saw  cut  in  the  centre  of  the  ends 
of  each  segment,  and  when  gluing  up  to  insert  a  thin  piece 
of  hard  wood  fitting  the  saw  cut  nicely,  the  grain  of  the  tongue 
being  at  right  angles  to  the  joint. 

For  a  wide  ring,  say  one  inch  or  upwards,  of  sufficient  thick- 
ness to  admit  of  screws  or  nails  being  used,  the  following 
method  suits  for  good  stock  patterns  :  Carefully  lay  down 
an  accurate,  full-size  plan  of  half  the  ring,  below  it  draw  the 
ring  in  section.  Mark  the  width  of  the  inner  and  outer 
rings,  which  are  built  with  two  courses  of  segments  in 
each.  Divide  the  space  into  any  number  of  equal  parts,  so 
as  to  have  about  four  inches  between  the  divisions  on  the 
larger  circle,  and  draw  radial  lines,  as  in  the  figure.  The 
spaces  thus  formed  will  represent  the  pieces  of  which  the 
annular  panel  is  to  be  composed.  Cut  out  a  template  to 
this  form,  and  trace  from  it  on  a  board  of  the  proper  thick- 
ness. As  the  pieces  are  to  finish  to  the  size  of  the  drawing, 
they  must  be  sawed  out  a  little  longer  to  allow  for  turning. 


CYLINDER  PATTERNS.  113 

Arrange  the  panel  pieces  radially  on  a  face-plate  and  tem- 
porarily fasten  by  nails,  then  turn  down  the  inner  and  outer 
edges  to  form  rabbets.  Number  the  pieces  and  detach  them. 
Build  the  two  marginal  rings,  and  take  any  one  of  the  panel 
pieces  and  turn  out  the  space  between  the  rings  to  fit  it.  The 
panel  pieces  need  not  be  glued  together,  nor  is  it  neces- 
sary to  plane  the  joints,  as  space  must  be  allowed  for  swelling 
when  brought  into  contact  with  the  damp  sand  of  the  foundry. 

In  constructing  the  pattern  for  a  cylinder  of  eight  inch  bore 
or  under,  it  is  best  built  up  in  quarters ;  and  when  larger,  it 
should  be  built  up  by  lagging.  In  gluing  up  the  quarterings 
turn  the  heart  side  of  the  wood  outwards,  and  leave  it  long 
enough  to  turn  up  the  prints  solid  with  the  drum.  The  flanges 
are  separate  and  have  the  grain  running  in  the  opposite  way. 
They  are  let  into  a  turned  groove  about  a  quarter-of-an-inch 
deep,  then  screwed  fast  from  the  inside  of  the  parting,  and 
turned  up  with  the  body  of  cylinder. 

In  lagging  up  the  pattern  for  a  cyhnder,  the  length  of  the 
drum  would  be  from  inside  of  flange.  The  head  and  print 
would  be  made  separate,  and  screwed  on  from  the  inside. 
By  this  means  a  smoother  surface  is  got  on  the  head  end  to 
draw  from  the  sand  than  if  the  end  of  lags  came  through. 
Flanges  of  the  larger  size  should  be  built  up  in  segments  of  two 
layers,  with  the  grain  crossing.  The  bearings  should  be  near 
enough  together  so  avoid  any  spring  in  the  lags,  while  a  rib  is 
set  between  them  to  brace  the  drum  endways.  The  lags  are 
jointed,  glued  and  screwed,  the  heads  of  screws  being  let  in 
sufficiently  to  allow  wooden  plugs  to  be  glued  into  the  counter- 
sink. The  grain  should  be  the  same  way  as  the  lags.  The  two 
halves  are  jointed  together,  and  the  holes  for  dowel  pins  are 
bored  through  the  one  half  into  the  other  while  they  are  clamped 
together  in  position.  The  further  apart  the  more  serviceable 
dowel  pins  become,  always  provided  the  necessary  strength 
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to  hold  the  dowel  firmly.  A  centre  plate  is  screwed  on 
each  end,  these  are  made  to  fit  the  lathe,  one  end  having 
a  counter-sunk  centre,  while  the  other  is  made  to  fit  the  lathe 
chuck.  These  plates  have  centre  lines  carefiiUy  marked  upon 
them,  these  lines  being  set  to  the  centre  lines  of  pattern.  When 
the  cylinder  is  too  small  to  use  these  plates  the  wood  is  left 

three  inches  longer  at 


each  end,  where  a  coun- 
ter-sunk screw  holds  the 
halves  together.  The 
steam  chest  is  first 
planed  to  the  shape 
and  size  of  body,  glued 
up  solid  with  its  print 
then  fitted  to  cylinder 
and  screwed  on  from 
the  inside.  Side  draft 
of  about  one-eighth  of  an 
inch  to  the  foot  should 
be  allowed  on  all  square 
surfaces.  Dowel  pins 
are  put  through  the 
steam  chest  portion  the 
same  as  in  the  cylinder. 
These  pins  should  be 
rounded  over  to  work  free,  fitting  the  hole  for  about  one  eigth 
of  an  inch.  When  there  is  much  wear  expected  on  them,  iron 
dowel  plates  let  in  level  with  the  joint  are  used. 

Arms  for  wheels  are  generally  made  from  pieces  of  wood 
twice  the  length  from  the  centre  to  the  rim,  and  the  thickness 
of  the  arm  at  the  centre.  If  there  are  six  arms,  three  lengths  are 
required.  They  are  let  one  into  another  at  their  centres  as 
.they  cross  each  other,  forming  six  equal  angles,  by  dividing  the 


Figs.  93,  94,  95. 
Three-Part  Check  Joint. 
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thickness  into  three  equal  parts.  The  three-part  check,  used 
for  wheels  that  have  six  arms,  and  other  purposes,  is  illustrated 
in  Figs.  93  to  95  ;  by  this  method  three  pieces  may  be  joined 
together  in  the  thickness  of  one.  Find  the  centre  in  each  of 
the  three  pieces ;  then,  with  a  radius  equal  to  half  the  width  of 
a  piece,  describe  a  circle  on  one  side  of  the  top  and  bottom 
pieces,  and  on  both 
sides  of  the  middle 
piece.  Set  a  bevel  to 
60°,  and  with  it  draw 
lines  touching  the  circles, 
as  shown  in  the  figures. 
By  gauge  lines  divide 
the  thickness  of  the 
pieces  into  three  equal 
parts.  Cut  away  all  the 
portions  of  the  pieces 
as  shown.  The  middle 
piece.  Fig.  94,  is  to  be 
cut  in  on  both  sides,  as 
drawn  in  the  figure, 
leaving  one  third  part 
in  the  centre.  The  top 
piece.  Fig.  93,  must  have 
the  part  represented  by 
the  cross  shading  cut  away  for  a  depth  of  ttvo-thirds  of  the 
thickness. 

The  four-part  check  is  used  lor  similar  purposes  when  eight 
arms  are  wanted;  Figs.  96  and  97  convey  an  idea  of  the  manner 
of  making  this  joint.  As  before,  describe  circles  on  one 
side  of  Fig.  96  and  Fig.  98,  and  on  both  sides  of  Fig.  97. 
Set  a  bevel  to  45°,  and  draw  lines  touching  the  circles.  Three- 
quarters  of  the  thickness  of  Fig.  96  must  be  cut  away  as  repre- 


Figs.  96,  97,  98. 
Four-Part  Check  Joint. 
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sented  in  the  figure.  The  two  middle  pieces  are  exactly  alike 
on  one  side.  The  part  cross-shaded  must  be  cut  down  in  two 
parts,  or  half  the  thickness  ;  the  little  corners  for  a  depth  of 
one  part  only.  The  other  side  is  to  be  cut  away  one  part.  The 
cross-shaded  part  in  Fig.  97  is  cut  down  three  parts,  and  the 
corners  lightly  shaded  one  part. 

Another  and  a  stronger  method  for  large  centres  is  to  get 
out  the  woodjin  six  pieces  the  length  of  radii,  and  make  a  joint 
in  the  centre  butting  them  together  with  glue.  When  dry  take 
the  two  metal  plates  with  holes  drilled  in  the  centre  of  each, 
suitable  for  hub  pins,  set  the  hole  in  the  centre  of  the  joints, 
and  let  a  plate  into  the  arm  level  on  each  side.  Set  a  hard  wood 
plug  in  the  centre,  and  strike  off  the  length  of  each  arm.  On 
this  circumferential  line  space  off  centres  for  the  arms,  scribe  the 
centre  lines  of  the  arms,  from  which  produce  the  outline, 
which  is  next  cut  out.  See  that  one  face  of  each  arm  is  true 
and  straight,  from  this  gauge  the  necessary  taper  of  the  arms 
on  the  end  and  [plane  down  to  it,  and  dress  the  edges  of  the 
arms  to  the  shape  required. 

The  rim,  arms  and  hub  of  a  wheel  must  be  so  proportioned 
that  they  will  shrink  alike,  and  in  the  same  time,  and  contain 
the  strength  required  to  perform  the  work.  If  the  rim  is  light 
and  the  arms  heavy,  the  rim  will  shrink  more  than  the  arms, 
which  will  be  likely  to  crack  the  rim,  while  if  the  arms  are 
light  and  the  rim  heavy,  the  arms  will  crack.  When  the  hub 
is  heavy,  in  proportion  to  the  arms  and  rim,  it  will  remain  hot 
longer,  and  continue  to  shrink  after  the  rest  is  set,  thus  creat- 
ing a  strain,  drawing  the  arms  from  the  rim,  which  is  sometimes 
sufficient  to  so  weaken  the  arms  that  a  slight  tap  with  a  hammer 
in  addition  to  the  striin,  will  break  them.  To  overcome  these 
strains  the  hub  is  sometimes  bared  and  the  core  drawn,  so  as 
to  cool  it  off  quicker.  To  avoid  these  internal  strains  in  a 
pulley  casting,  various  devices  are  adopted,  which  may  give  an 


STRAINS  IN  WHEEL  CASTINGS.  117 

idea  of  how  to  overcome  strains  in  other  castings,  we  have  the 
curved  arm,  also  the  arm  set  at  angle  to  the  radius.  Both 
these  devices  act  on  the  principle  of  drawing  the  hub  round  as 
it  cools,  and  thus,  to  a  great  extent,  relieving  itself  of  the  strain. 


CHAPTER  X. 


MISCELLANEOUS  WORK. 

B^HE  preceding  examples  having  been  somewhat  fully 
described,  more  brief  particulars  of  some  examples  of 
Miscellaneous  Work  will  be  given.  A  Pattern  maker  must  be 
able  to  adapt  his  knowledge  to  the  requirements  of  the  work 
he  has  in  hand,  and  for  this  reason  any  attempt  at  minute  de- 
scription of  general  work  would  be  futile. 

Wooden  pegs  used  in  place  of  nails  in  patterns  are  made  by 
sawing  off  blocks  the  required  length  of  the  pegs,  and  cutting 
them  with  a  chisel  into  pieces  about  one-eighth  of  an  inch 

square ;  making  them  in  this  man 
ner  ensures  their  being  straight  in 
the  grain ;  those  not  well  formed 
must  be  rejected.    Pare  points  on 
the  pegs  and  let  round  holes  to 
Fig.  99.  WOOD  ANGLING,     receive  them  be  bored  of  the  same 
size  as  the  pegs  are  square.  The 
same  kind  of  wood  used  in  the  pattern  serves  also  for  the 
pegs. 

The  internal  angles  of  every  corner  must  be  filled  up  to 
guard  against  the  casting  becoming  unsound  through  the  cool- 
ing of  the  metal,  as  explained  in  Chapter  II. 

Strips  of  wood,  shaped  like  Fig.  99,  are  commonly  used  for 
filling  in  the  angle.  Special  angling  is  made  and  sold  for  the 
purpose,  and  this  is  often  cheaper  than  planing  strips  of  wood 
when  the  anglfe  is  considerably  curved  or  made  up  of  short  pieces^ 
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Fig,  100,  shows  the  application  of  Tangye's  foundry  pattern 
angling.  This  angling  is  fixed  by  cement,  and  the  makers 
assert  that  three  times  as  much  straight  work  and  ten  times  as 
much  curved  work  can  be  done  by  using  this  material  instead 
of  moulding  the  angle  out  of  the  solid. 

The  method  of  joining  two  pieces  of  wood  together  by 
halving  is  apparent  upon  looking  at  Fig.  loi.  Call  one  side  of 
each  of  the  pieces  to  be  joined  in  this  manner,  the  face,  and 
make  a  mark  with  a  pencil  to  indicate  the  face  side.    Set  a 


Fig.  100.  Composition  Angling. 


gauge  to  half  the  thickness  of  the  stuff.  Gauge  lines  on  the 
edges  where  the  pieces  are  to  be  joined,  and  saw  down  to  the 
gauge  line.  Always  gauge  from  the  face  side,  then  if  the  gauge 
was  not  set  exactly  to  half  the  thickness,  the  joint  will  still 
come  even.  Screw  the  pieces  together,  then  take  them  apart 
and  put  on  glue,  screwing  together  while  the  glue  is  hot. 

Corner  half-checks  are  generally  cut  the  whole  width  of  the 
stuff,  as  in  Fig.  102,  but  middle  pieces  are  sometimes  checked 
short,  so  as  to  leave  a  portion  of  the  timber  the  full  thickness, 
adding  thereby  to  the  strength  of  the  frame,  as  in  Fig.  103. 

The  dove-tail  half-check  is  shown  in  Figs.  104  and  105,  it  is 
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used,  not  so  much  to  hold  the  pieces  together,  as  the  ghie  and 
screws  would  be  sufficient  for  that,  as  to  enable  a  portion  of  the 
frame  to  be  hollowed  out,  and  yet  not  reduce  the  cross-grained 

parts  where  the  pieces 
butt  together  so  much  as 
to  make  them  weak  and 
brittle.  The  same  pur- 
pose may  be  served  by 
using  the  ordinary  half- 
check,  provided  the  tongue 
and  space  it  fits  be  made 
narrower  than  the  stuff  is 
wide.    The  illustrations  make  the  construction  clear. 

The  half-check  joint  being  only  available  for  pieces  of  rect- 
angular section,  a  sort  of  butt  joint  is  employed  for  pieces 
that  are  curved  or  irregular,  in  section.  A  frame  may  be  put 
together  by  mitring  in  the  methods  shown  by  Figs.  io6  and 
107.  It  will  be  seen  that  the  joint  line  always  bisects  the  angle 
formed  by  two  meeting  sides  of  the  frame.  This  bisection  of 
the  angle  is  the  principle  of  mitring. 

Mitre  joints  seem 
very  simple  to  make, 
and  if  the  work  does 
not  need  to  be  very 
exact,  are  not  diffi- 
cult ;  but  if  the  frame  Fig.  102.  corner  half  check. 
is  required  to  be  per- 
fectly square,  and  to  size,  it  requires  care  to  get  all  the  joints 
close  and  even. 

The  ordinary  appliances  for  cutting  mitres  are  shown  in  Figs. 
13  and  14,  these  are  a  mitre-box  for  sawing  the  mitres,  and  a 
mitre-board  for  planing  them.  The  box  consists  of  three 
planed  pieces  of  wood,  fastened  together  to  form  a  kind  of 


Fig.  loi.  Joint  made  by  Halving. 
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trough,  in  the  sides  of  which  two  saw-cuts  are  made  to  the 
correct  angle.  These  cuts  act  as  guides  for  the  saw  in  cutting 
the  stuff  placed  in  the  box.  The  mitre-board  is  made  as 
described  on  page  37.  The  plane  is  either  thrust  from  the 
workman  or  reversed  and  pulled  towards  him,  depending  on 
the  direction  of  the  mitre. 

Pieces  that  are  curved  in  the  direction  of  their  length,  are 
butted  together,  so  that 
the  line  of  the  joint 
must  lie  in  the  direction 
of  radii  to  the  curves,  as 
shown  in  Fig.  88. 

Joints  of  the  above 
description  may  be  much 
strengthened  if,  after  the 
glue  is  dry,  one  or  more 
saw-cuts  are  made  across 
the  joint,  thin  wood 
being  afterwards  fitted 
and  glued  in;  the  grain 
of  the  filling-in  piece  to 
lie  across  the  direction 
of  the  jomt.  p.^^^  ^^^^  ^^^^  dove-tail  check  Joint. 

For  the  pattern  of  a 
small  pinion  under  six-inch  or  eight-inch  diameter,  a  solid 
block  of  pine  or  poplar  is  generally  used.  It  must  be  dry 
and  straight-grained,  the  teeth  being  formed  lengthways  of 
the  grain.  For  gears  of  fine  pitch,  and  with  arms,  mahogany 
or  cherry  wood  is  generally  used,  but  sometimes  for  the 
teeth  only,  the  rest  being  of  pine.  For  large  gears  pine  is 
used,  sometimes  substituting  poplar  for  teeth.  To  make  a 
pinion  from  a  solid  block,  it  is  first  screwed  on  a  face-plate 
which  is  smaller  than  the  diameter  at  the  bottom  of  the  spaces. 


Fig.  io6.  Mitre  Joint,  Flatways. 


122  THE  PATTERN  MAKER'S  HANDYBOOK. 

SO  that  when  the  block  is  turned  to  the  size  of  the  outside  of 
the  teeth,  allowing  about  one-sixteenth  of  an  inch  taper  per  foot 
for  draft,  circular  lines  can  be  traced  on  both  ends  indicating  the 
pitch-line,  the  line  for  the  roots  of  the  teeth,  and  also  lines 

for  the  centres  used  in  form- 
ing the  flanks  of  the  teeth. 
Some  pattern  makers  think  it 
well  not  to  give  any  taper  to 
the  teeth,  but  if  the  moulder 
be  not  helped,  he  will  help 
himself  to  draft  by  extra  rap- 
ping. It  is  safer  to  give  draft; 
besides  the  lower  part  of  the 
mould  will  always  run  larger  or  fuller  than  the  upper,  and 
this  will  largely  make  up  for  the  draft  that  is  needed.  When 
there  is  not  a  face-plate  small  enough  to  clear  the  teeth,  bore 
a  hole  in  the  block,  and  turn  it  upon  an  arbor  of  hard  work. 
For  solid  pinions  larger  than  six  inches  or  eight  inches  diameter 
the  body  should  be  built  up  in  segments  as  shown  on  page  107, 
and  the  teeth  planted  on  separately  with  dovetails. 

In  all  larger  gears  where  arms  or 
a  plate  are  used  it  is  generally  cheaper, 
more  accurate,  and  stronger  to  con- 
struct and  turn  the  rim  separate  from 
the  arms  or  plate.  In  a  plate-wheel, 
if  built  with  the  segments  glued  upon 
one  or  both  sides,  the  shrinkage  strains 
would  tend  to  contract  or  expand  the 
rim  across  its  grain.  It  is  better  to  build  the  rim  separate 
with  the  hollow  and  a  portion  of  the  plate  formed  on  the  inside 
in  which  a  separate  piece  for  the  plate  will  be  fitted  with  a 
ledge,  and  glued,  so  forming  the  centre.  To  build  the  arm  up 
into  the  rim,  where  the  rim  is  very  light,  as  in  the  case  of 


107.  Mitre  Joint,. 
Edgways. 
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gears,  tends  to  weaken  the  rim-pattern  at  these  points,  and  it  is 
also  difficult  to  finish  the  rib  or  bead  which  generally  runs  on 
the  inside  of  the  rim.  Turn  up  the  inside  of  the  rim  to  a  tem- 
plate, giving  ample  draft  so  that  the  sand  will  easily  lift  up 
with  the  cope.  About  three-eighths  of  an  inch  or  half  an  inch 
to  the  foot  taper  is  sufficient.  Let  in  the  arms  carefully  in  the 
centre,  glue,  and  screw  from  the  outside.  Turn  off  the  outside 
of  the  rim,  allowing  a  slight  draft  of  about  one-sixteenth  of  an 
inch  to  the  foot  of  its  face,  and  mark  upon  it  a  fine  line  upon 
which  to  space  off  the  face  for  the  teeth,  and  also  one  line  on 
each  edge  showing  the  depth  of  dove-tails. 

In  spacing  off,  when  the  number  of  spaces  required  is  divi- 
sible without  remainder,  it  is  better  to  lay  off  the  larger 
divisions  first.  For  instance,  for  sixty  teeth  divide  the  circum- 
ference into  six  parts,  then  sub-divide  each  by  two,  then  by 
five ;  or  by  ten,  instead  of  two  and  five.  If  fifty-nine  teeth,  lay 
off  the  radius  chord,  and  space  nine  and  five-sixths  parts ; 
or  if  sixty-one  teeth,  into  ten  one-sixths,  and  so  on,  the  frac- 
tion being  the  guide  as  to  how  you  will  come  out  on  the  whole 
circle.  This  will  save  spacing  the  whole  wheel  round  for  each 
trial,  and  be  more  perfect,  because  of  the  fewer  points  made  in 
spacing.  Be  careful  to  have  the  compass  points  fine  and 
sharp,  and  the  legs  firm. 


CHAPTER  XI. 


A  GLOSSARY  OF  TERMS  USED  IN  MOULDING 
AND  FOUNDING. 

Air  or  foul  air.— The  gases  generated  in  casting,  and 
driven  through  the  sand. 

Air-drain,— A  passage  to  conduct  gasses  from  moulds 
deeply  bedded  in  the  floor  of  the  moulding-shop. 

Air-gate.— An  opening  at  which  displaced  air  escapes 
■during  pouring,  and  in  which  metal  afterwards  rises. 

Air-hole.— A  hole  or  cavity  in  a  casting  produced  by  bub- 
bles of  air  in  the  liquid  metal.  Also  a  vent-hole  made  in  a 
mould  to  allow  air  to  escape. 

Barm. — Yeast  used  in  the  preparation  of  core-sand  to 
render  it  adhesive. 

Bellows.— Used  to  blow  loose  sand  or  dirt  out  of  the 
moulds,  or  parting- sand  from  the  pattern. 

Blackening.— Charcoal-dust  applied  to  a  mould  to  give 
smoothness  to  a  casting,  and  also  to  dust  the  partings  of  a 
mould. 

Black-lead.— Sometimes  used  for  blacking  moulds  or  for 
mixing  with  sand. 

Black-wash.— A  solution  of  clay  and  powdered  charcoal 
applied  to  the  surface  of  sand-moulds,  to  give  a  clean  skin  to 
the  casting ;  also  used  as  a  parting. 

Blow.— The  forcing  of  displaced  air  through  the  molten 
metal  from  insufficient  vent. 

Blown.— The  condition  of  a  casting  containing  cavities 
caused  by  enclosed  air. 
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Bot.— A  pear-shaped  piece  of  stiff  clay  used  to  stop  the 
flow  of  metal  from  the  tap-hole  of  the  furnace. 

Bot-Stick.— An  iron  rod  provided  with  a  long  wooden 
handle  at  one  end,  and  a  small  round  disc  at  the  other,  to  re- 
ceive the  clay,  used  for  botting  off  when  the  ladle  is  sufficiently 
full. 

Box.— A  very  common  term,  being  a  contraction  of  mould- 
ing-box, and  signifying  flask. 

Brick. — Used  largely  in  loam-moulding. 

Burned  sand.— Sand,  the  tenacity  of  whose  clayey  por- 
tion has  been  destroyed  by  the  heat  of  the  metal. 

Burning  together.— Union  produced  by  flowing  hot 
metal  in  quantity  over  cold. 

Burning-on. — A  process  of  mending  castings  by  uniting 
fractured  portions,  or  by  attaching  a  new  piece.  The  casting 
is  fitted  in  a  mould,  so  arranged  as  to  allow  a  stream  of  molten 
metal  to  flow  through  and  around  the  parts  to  which  a  piece 
is  to  be  attached.  When  the  casting  has  become  sufficiently 
hot,  the  flow  is  stopped,  and  the  mould  allowed  to  fill.  The 
new  metal  is  thus  burned  on  to  the  old. 

Case. — A  cope. 

Cast-gate.— The  ingate  at  which  the  metal  is  poured  in. 

Casting-box.— The  flask  containing  the  mould. 

Casting-ladle. — An  iron  vessel  usually  lined  with  fire-clay, 
with  handles  for  conveying  molten  metal  from  the  cupola  and 
pouring  it  into  the  mould. 

Chamber.— The  portions  of  the  mould  which  contain  the 
exterior  form,  and  which  are  closed  around  the  core  in  casting 
hollow  ware. 

Chaplet. — A  wrought-iron  stud  to  hold  a  core  in  position 
in  a  mould.    A  grain  or  staple. 

Charcoal.— Used  in  dust,  as  dry  blackening,  or  in  suspen- 
sion with  clay,  as  black-wash  (which  see). 
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Cheek.— The  middle  part  of  a  three-part  flask. 

Chill.— A  piece  of  iron  in  a  mould  to  suddenly  cool  the 
metal  flowing  against  it  and  render  it  hard.  Cast  iron  is  hard- 
ened by  rapid  cooling,  and  by  means  of  a  chill  it  may  be 
rendered  as  hard  as  hardened  steel. 

Chipping-piece.— The  projecting  portion  of  a  casting 
which  is  intended  to  be  chipped  and  filed  or  planed  flat,  so  as 
to  have  some  other  part  of  the  work  fitted  to  it. 

Clay.— All  clays  are  essentially  hydrous  silicates  of  alumina, 
more  or  less  mingled  with  mineral  impurities,  and  coloured  by 
the  presence  of  metallic  oxides  and  organic  matter.  Pure  clay 
(silicate  of  alumina),  is  refractory— that  is,  capable  of  resisting 
intense  heat.  In  the  common  acceptation  of  the  term,  clay  is 
an  earth  which  possesses  sufficient  ductility  and  cohesion,  when 
kneaded  with  water,  to  form  a  paste  capable  of  being  fashioned 
by  the  hand.  The  majority  of  clays  are  superficial  deposits 
occurring  in  estuaries,  dessicated  lake-sites,  river  valleys  and 
upraised  sea-beds,  or  scattered  over  the  surface  as  drifts  or 
boulder-clays. 

Clay-wash.— Clay  in  solution  for  smearing  the  insides  of 
moulds  and  gaggers  to  make  the  sand  stick ;  for  cementing  the 
portions  of  cores ;  for  strengthening  loam  and  adding  to  char- 
coal to  make  black-wash. 

Cleaner.— A  tool  of  thin  steel  or  brass,  from  six  to  eighteen 
inches  in  length.  One  extremity  has  a  bent  spatula  blade ; 
the  other,  a  short  blade  bent  on  the  flat  to  a  right  angle.  Used 
for  smoothing  the  moulded  surfaces  and  removing  loose  sand. 
Also  called  a  sleeker. 

Coal-dust.— Powdered  coal  added  in  certain  quantities  to 
green  sand,  according  to  the  quality  of  the  latter. 

Coke-dust. — The  same  in  effect  as  coal-dust. 

Compression-casting. — A  mode  of  casting  under  pres- 
sure, which  causes  Che  metal  to  flow  into  the  more  delicate 
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lines,  etc.,  of  a  mould.  The  moulds  are  made  in  potters'  clay, 
and  the  casting  approaches  the  work  of  the  graver  and  chisel. 

Contraction-rule. — A  rule,  divided  in  excess  of  standard 
measurement,  used  by  pattern-makers,  and  thus  avoiding  cal- 
culations for  shrinkage. 

Cope. — That  part  of  the  flask  which  is  uppermost  at  the 
time  of  casting.  The  upper  box  or  top  part.  The  outside 
portion  of  the  mould  in  loam  work.  Also  called  the  case. 
The  lower  part  of  the  flask  is  called  the  drag,  or  nowel. 

Core. — A  mass  of  sand,  moulded  and  baked,  and  placed 
in  a  mould  to  form  a  cavity  in  a  casting. 

Core-bar. — An  iron  bar  to  stiffen  a  core. 

Core-barrel. — A  perforated  iron  tube  to  form  a  passage- 
way for  the  gases  passing  off  through  the  interior  of  a  core. 

Core-box. — A  mould  in  which  a  core  is  formed. 

Core-pipe. — A  core-barrel. 

Core-print. — A  projecting  piece  on  a  pattern  which  pro- 
duces a  cavity  in  the  mould,  in  which  a  portion  of  a  core  rests 
and  supports  the  core  in  place. 

Core-sand. — Coarse  new  sand  with  powdered  loam. 

Cotter. — A  key  which  locks  the  steady-pin  of  a  flask. 

Cow-hair. — Used  as  a  bond  to  increase  the  tenacity  of 
loam. 

Crane. — The  hoisting  apparatus  of  a  foundry  to  move  heavy 
flasks,  castings,  &c. 

Crucible. — A  melting  pot  of  an  earthen  composition,  or 
of  refractory  metal,  adapted  to  withstand  high  temperatures. 

Cutting-out. — A  process  of  removing  some  of  the  sand  in 
a  mould  so  as  to  enlarge  it  for  the  casting  to  be  larger  than, 
and  perhaps  somewhat  different  in  form,  from  the  pattern. 

Dead-head. — That  piece  on  a  casting  which  fills  the  ingate. 
A  feeding-head  or  suUage  piece. 

Delivery. — The  draft  or  taper  by  which  a  pattern  is  made 
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to  free  itself  from  close  lateral  contact  with  the  sand  of  the 
mould  as  it  is  lifted.  Also  called  draft,  taper,  draw,  &c.  A 
pattern  is  said  to  deliver  well  when  it  leaves  the  sand  without 
breaking  down  the  mould. 

Drag. — The  lower  box  or  bottom  part  of  the  flask.  Also 
called  the  nowel. 

Draw. — The  taper  of  a  pattern  which  enables  it  to  leave 
the  sand  without  impairing  the  mould.  Also  called  delivery, 
draft,  taper,  &c.    To  lift  the  pattern  from  the  sand. 

Drawback. — The  ironfounders'  term  for  what  brass- 
founders  call  a  false-core. 

Drop. — The  fall  of  sand  from  the  top  part  into  the  mould. 

Dry-casting. — The  process  in  which  the  sand-moulds  are 
dried  before  use.    (See  "  Dry-sand.") 

Dry-sand. — A  mixture  of  sand  and  loam  which  is  employed 
in  that  description  of  moulding  done  with  loam  and  sand  in 
due  proportion,  the  mould  being  oven-dried  before  casting. 

Drying-stove. — A  heated  room  for  drying  dry-sand  moulds 
or  cores. 

Facing. — Powder  applied  to  the  face  of  a  mould,  with  the 
object  of  giving  a  fine  smooth  surface  to  the  casting.  Facing 
consists  of  various  materials,  amongst  which  are  the  following  r 
Meal-dust  or  waste-flour,  powdered  chalk,  ashes  of  wood  or 
tan,  charcoal- dust,  loamstone  powder,  rottenstone  powder. 
An  equivalent  effect  is  produced  by  depositing  a  layer  of  soot 
produced  by  smoking  the  pattern  over  a  fire  of  cork  shavings 
— or  of  burning  resin. 

Face-dust. — Powdered  charcoal  for  iron  castings,  mill- 
dust  or  pease-meal  for  brass.  It  is  dusted  from  a  bag  over 
the  mould  to  improve  the  surface  of  the  casting.  Powdered 
soap-stone,  rottenstone,  graphite,  or  chalk  is  sometimes 
used. 

Facing  Sand. — New  sand  used  in  immediate  contact  with 
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the  pattern,  being  sifted  thereon  and  then  backed  up  with  old 
sand  and  rammed. 

False-core. — A  mass  of  moulded  green-sand  placed  against 
the  side  of  a  pattern  which  is  undercut.  Before  drawing  the 
pattern,  the  false-cores  are  removed,  and  are  restored  before 
closing  the  flask.    Also  called  a  drawback  by  iron-moulders. 

False-part. — A  flask  temporarily  filled  with  sand  in  which 
the  pattern  is  sunk  to  a  parting-line  before  ramming  up  the 
other  side  of  the  box  which  is  to  form  the  drag.  After  turning 
over,  the  false  part  is  broken  up  and  the  parting  properly  made. 

Feed-head. — The  metal  above  and  exterior  to  the  mould 
which  flows  into  the  latter  as  the  casting  contracts  on  cooling, 
thus  serving  to  render  the  casting  more  solid.  It  is  also  called 
a  dead-head,  head,  and  riser.  The  metal  forming  the  feed- 
head  is  called  a  sullage-piece. 

Feeding-rod. — An  iron  rod  for  keeping  open  the  head  or 
riser  at  which  hot  metal  is  added  from  time  to  time  as  the 
casting  contracts  in  cooling. 

Fettle. — To  clean  castings,  removes  gits,  fins  and  cores. 

Fin. — A  thin  ridge  of  metal  extending  along  the  parting-line 
of  a  casting  where  the  metal  has  insinuated  itself  between  the 
parts  of  the  mould. 

Flask. — The  box  or  frame  which  contains  the  rammed  sand 
forming  the  mould.  If  the  mould  is  contained  in  two  sides 
they  constitute  a  two-part  flask.  The  upper  part  is  the  cope  ; 
the  lower  the  drag. 

Flask-clamp. — A  contrivance  for  binding  together  the 
parts  of  a  flask. 

Flow-gate. — An  opening  from  the  mould  to  the  surface; 
in  it  the  metal  rises  as  it  is  poured  into  the  cast-gate  and  fills 
the  mould. 

Follow-board. — A  board  used  under  the  flask  to  support 
the  sand  when  ramming. 
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Founder's-Iathe. — A  spindle  running  in  notches  on 
trestles,  and  used  with  a  loam-board  for  preparing  long 
cores,  etc. 

Furnace. — Used  for  melting  the  metal.  There  are  three 
distinct  classes  of  furnaces,  viz.,  cupola,  crucible  or  pot  furnaces, 
and  reverberatory. 

Gaggers. — Pieces  of  metal  used  to  hold  together  large 
quantities  of  sand  in  moulds.  A  common  form  of  gagger  is  a 
double  hook  hung  to  the  crossbars  of  the  top  part  of  a  flask, 
and  entering  the  sand  which  fills  the  deep  part  of  a  pattern,  to 
enable  the  sand  to  be  lifted  out. 

Ganister. — A  highly  refractory  material  used  for  lining 
furnaces  and  for  other  purposes.  Sheffield  ganister  contains 
about  eighty-five  per  cent,  of  silica  combined  with  about  equal 
proportions  of  magnesia  and  alumina. 

Gate. — The  opening  through  a  mould  into  which  metal  is 
poured.  Gates  include  all  the  passages  which  lead  the  fluid 
metal  into  the  mould.  The  large  opening  into  which  the  metal 
is  first  poured  is  the  pouring-gate,  next  is  the  skimming-gate, 
and  then  the  sprue  gates.  The  feeding-gates  supply  metal 
to  the  casting  as  it  contracts  in  cooling.  The  metal  flows 
from  the  ingate  through  the  runner  into  the  hollow  in  the 
mould,  where  it  forms  the  casting.  The  metal  which  occupies 
the  gate  forms  a  head. 

Gate-channel. — The  opening  through  which  the  metal 
flows  to  the  mould.    (See  "  Gate.") 

Gate-shutter. — A  tool,  such  as  a  spade,  used  to  close  a 
channel  against  the  molten  metal  when  the  mould  is  full, 
and  also  sometimes  used  to  turn  the  stream  into  some  other 
channel. 

Gland. — A  bent  rod  of  iron  forming  a  double  hook  to  lock 
the  parts  of  a  flask  together. 

Grain. — A  piece  of  short  metal  or  cast  iron  inserted  into  a 
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mould  for  the  purpose  of  supporting  an  accessory  portion,  such 
as  a  core,  in  position.    A  Chaplet. 

Green-sand. — The  damp  sand  of  the  foundry  prepared  for 
moulding.    (See  "  Sand.") 

Grunter. — An  iron  rod  used  in  supporting  the  crucible 
when  pouring. 

Hay- rope. — A  twisted  hay-band  wound  about  a  core-barrel 
in  making  large  cores. 

Head. — A  flow-gate  or  riser  over  the  largest  part  of  a 
heavy  casting,  in  which  the  hot  metal  rises,  and  into  which 
metal  is  poured  from  time  to  time  as  the  metal  contracts.  This 
head,  also  called  spreel  and  sullage-piece,  is  knocked  off  the 
casting. 

Horse-dung. — Introduced  into  loam,  as  hair  into  plaster, 
to  form  a  bond  in  dry-sand  moulds. 

Ingate. — The  opening  through  which  metal  is  poured  into 
the  mould.  It  then  passes  along  runners  to  the  spaces  made 
vacant  by  the  withdrawal  of  the  patterns.  Also  called  tedge, 
gate,  geat  or  git,  the  latter  two  being  corruptions  of  gate. 

Ingot.  — A  mass  of  metal  as  run  from  the  smelting  furnace, 
particularly  applied  to  gold,  silver,  steel,  etc.  Ingots  of  iron 
and  copper  are  called  pigs. 

Ladle. — An  iron  vessel,  coated  with  loam,  and  used  to 
convey  molten  metal  from  the  furnace  and  pour  it  into  the 
mould.    One  form  is  a  shank. 

Lantern. — A  perforated  core-barrel,  of  large  diameter  rela- 
tively to  its  length. 

Lift. — The  separation  of  the  cope  from  the  drag. 

L ingot. — An  iron  mould  for  casting  metals. 

Loam. — A  mixture  used  in  moulding  which  essentially  con- 
sists of  sand  and  clay,  the  former  largely  predominating,  with 
a  certain  quantity  of  horse-dung  added,  or  some  equivalent  for 
it,  such  as  chopped  straw,  sawdust,  cow-hair,  etc.    Beds  of 
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loam  are  sometimes  found  of  nearly  suitable  composition,  but 
it  is  more  commonly  made  by  blending  the  various  materials 
in  a  pug-mill.  In  moulding  it  is  always  used  quite  wet,  like 
plaster,  but  is  dried  thoroughly  before  pouring.  Its  character- 
istics must  be  plasticity  while  wet,  strength  and  solidity  when 
dry,  perviousness  to  the  air  from  the  mould,  and  power  to  resist 
the  high  temperature  of  the  molten  metal. 

Loam-beater. — A  rammer  used  to  make  the  sand  and  loam 
around  a  pattern  compact. 

Loam-board. — A  board  resting  on  trestles,  and  holding  the 
loam  used  in  making  cores.  The  board  is  shaped  to  a  counter- 
part of  the  form  that  it  is  desired  to  make  the  core,  and  is  used 
as  a  turning  tool.  The  wet  loam  is  supplied  to  the  core-barrel 
from  the  board,  and  some  adheres,  all  superfluous  being  scraped 
off  by  the  action  of  the  board. 

Loam-cake. — A  disc  of  loam,  used  as  a  cover  on  a  loam- 
work  mould,  perforated  with  holes  for  the  metal  to  be  poured 
through  and  for  the  escape  of  air. 

Loam-moulding. — The  process  of  making  moulds  in 
plastic  loam  by  means  of  templates. 

Loam-plate.— A  flat  cast-iron  ring  or  plate,  on  which  the 
nowel  and  cope  rest  in  loam-work. 

Loam-work. — The  method  of  making  moulds  for  large 
hollow  castings  in  which  the  nowel  and  cope  are  separately 
built  up  of  bricks,  &c.,  and  covered  with  plastic  loam,  which  is 
shaped  with  a  template.  The  two  parts,  after  being  dried, 
are  brought  into  position  and  packed  with  sand  before  the 
metal  is  run. 

Loosening-bar. — A  stiff  rod  extending  upward  from  the 
pattern,  through  the  sand,  and  which  is  struck  from  opposite 
sides  to  loosen  the  pattern  in  the  mould  before  lifting  the  top- 
part.  This  operation  facilitates  the  separation  of  the  sand  from 
the  pattern,  and  so  lessens  the  liability  to  break  down  the  mould. 
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Mantle. — A  covering  of  clay  destined  to  be  used  as  a 
■mould. 

Match-plate. — A  plate  having  upon  its  opposite  sides  the 
halves  of  a  pattern  placed  to  correspond.  The  operation  of 
moulding  is  thus  greatly  facilitated.  The  match-plate  is  placed 
between  the  parts  of  a  flask  and  rammed  from  both  sides  ;  on 
removing  the  plate  the  parting  is  complete,  and  the  use  of  an 
odd  side  dispensed  with. 

Metal. — The  founder's  term  for  cast-iron. 

Mould. — The  matrix  in  which  an  object  is  cast. 

Mould-facing. — A  fine  powder  sprinkled  over  the  pattern 
before  the  facing-sand  is  sifted  into  the  flask,  with  the  object  of 
making  a  smoother  surface  to  the  mould. 

Moulder's  Clannp. — A  frame  by  which  the  parts  of  aflask 
are  held  together  ready  for  pouring  the  metal. 

Moulder's  Table. — A  bench  at  which  the  workman  stands 
when  moulding  small  objects. 

Moulding-board. — A  board  on  which  the  flask  rests  while 
the  sand  is  being  rammed. 

Moulding-hole. — The  pit  in  the  floor  of  a  foundry  in 
which  large  castings  are  made. 

Moulding-loam. — The  mixture  of  sand  and  clay  used  in 
loam-moulding. 

New-sand. — Facing-sand  next  to  the  pattern. 

Nowel, — The  inner  portion  of  the  mould  used  for  casting 
large  hollow  articles  ;  it  answers  the  purpose  of  a  core  in  small 
work.    Also  the  lower  part  of  a  flask. 

Odd-side. — A  permanent  false-part.  When  many  castings 
are  required  from  the  patterns  moulded  in  one  flask,  the  false 
part  is  prepared  in  an  odd-side,  and  this  is  carefully  preserved 
indefinitely.  Thus,  much  time  is  saved  in  making  the 
parting. 

Old-sand. — The  sand  of  the  foundry  floor,  killed  (that  is, 
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made  weak  and  friable)  by  use,  and  not  fit  for  facing,  but  well 
suited  for  filling  the  flasks  over  the  facing  sand. 

Open-sand  Moulding. — A  mode  in  which  moulds  are 
made  in  the  floor  of  the  foundry  without  any  cope,  and  usually 
filled  direct  from  the  furnace. 

Part. — One  portion  of  a  flask,  as  the  top  part,  which  is  the 
cope ;  the  bottom  part,  which  is  the  drag  or  nowel ;  the  middle 
part  containing  the  middle  portion  of  a  three-part  flask,  &c. 

Parting.  —  The  line  of  separation  between  the  sand 
rammed  in  the  respective  boxes  or  parts  of  a  flask.  A  powder 
is  applied  to  these  surfaces  to  enable  them  to  separate  readily. 

Parting-line. — The  line  upon  a  pattern  below  which  it 
is  imbedded  in  the  drag,  and  above  which  it  is  in  the  cope  or 
top  part. 

Parting-sand. — Sand  free  from  clay,  which  is  scattered 
over  a  green- sand  surface  where  a  parting  is  to  be  made. 

Pattern. — The  counterpart  of  a  casting  in  wood  or  metal 
from  which  the  mould  in  the  sand  is  made.  Patterns  are 
sometimes  made  in  two  or  more  parts,  held  together  by  steady- 
pins  or  dowels.  Straight-grained  pine  or  mahogany  is  pre- 
ferable wood  for  patterns.  They  are  made  somewhat  tapering, 
in  those  parts  which  have  to  be  deeply  imbedded  in  the  sand, 
so  as  to  facilitate  their  withdrawal.  This  taper,  technically 
called  draw,  may  be  from  one-sixteenth  of  an  inch  to  three- 
sixteenths  of  an  inch  to  the  foot.  Patterns  are  sometimes  made 
of  metal,  especially  for  small  castings,  as  they  are  more  durable ; 
but  if  made  of  iron,  require  care  to  prevent  rusting.  Wood 
patterns  should  be  well  oiled  and  varnished  to  preserve  them 
and  to  assist  their  delivery  from  the  sand ;  a  coating  of  black- 
lead  is  also  very  conducive  to  this.  Sharp  angles  should  be 
avoided  as  weakening  to  the  casting  and  tending  to  cause  a 
breakdown  in  the  mould. 

Pease-meal. — Dusted  on  as  facing  for  moulds  in  brass 
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casting ;   also  used  in  iron  casting  as  a  medium  for  holding 
blockings. 

Perier. — An  iron  rod  used  for  holding  back  the  scum  on 
the  metal  being  poured. 

Picker. — A  steel  rod  with  a  sharp  point,  used  m  picking 
out  small  patterns  from  the  sand. 

Pickle. — Dilute  sulphuric  acid  used  in  cleaning  castings. 
It  attacks  the  surface  of  metal  and  removes  the  sand  and 
surface  impurities.  This  treatment  improves  the  appearance 
of  the  work,  and  when  the  surfaces  have  to  be  made  smooth 
by  filing,  Src,  it  saves  much  of  this  labour. 

Piercer. — A  vent-wire. 

Pig. — An  oblong  mass  of  metal  as  run  from  the  smelting 
furnace.  A  main  channel,  called  the  sow,  is  made  in  the  sand, 
along  which  the  metal  flows  from  the  tapping  hole  of  the 
furnace.  On  each  side  of  the  sow  small  hollows  are  made,  into 
which  the  metal  flows  and  solidifies,  forming  pigs.  Iron 
and  copper  are  cast  into  pigs ;  gold,  silver  and  steel  into 
ingots. 

Pot. — A  crucible,  generally  of  graphite. 

Print. — A  projection  on  a  pattern  which  leaves  a  space 
in  the  sand  for  supporting  a  core  in  position. 

Rammer. — An  implement  for  compacting  the  loam  around 
the  pattern  in  the  flask. 

Rapping. — Loosening  the  pattern  in  the  mould. 

Red  brick-dust. — Sometimes  used  as  a  parting-sand. 

Riddle. — A  coarse  sieve,  about  half-an-inch  in  the  mesh, 
used  to  mix  sand  on  the  floor  of  the  foundry. 

Riser. — An  opening  though  a  mould  into  which  the  metal 
rises  as  the  mould  fills,  and  through  which  more  metal  is  poured 
in  as  the  mass  contracts. 

Run. — Said  of  a  mould  if  the  metal  insinuates  itself  along 
the  parting,  or  otherwise  leaks  out. 
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Runner. — A  channel  leading  from  the  gate  to  the  space 
left  by  the  removal  of  the  pattern  from  the  mould. 

Runner-stick. — A  pattern  for  forming  the  gate  of  a 
mould. 

Run-through. — When  metal  is  poured  in  at  one  gate  and 
runs  out  at  another.  By  this  means  sullage,  air,  &c.,  are  removed 
and  a  solid  casting  obtained.  A  process  sometimes  adopted 
in  casting  a  piece  solid  to  another  piece  already  in  the  mould. 

Sand. — Crystalline  particles  of  silica  mixed  with  clay, 
which  confers  tenacity.  Used  as  a  material  for  ramming 
around  patterns  in  moulding.  Sand  useful  to  the  moulder 
must  have  tenacity  when  damp  and  retain  it  when  dry,  and  be 
pervious  to  air.  In  these  respects  various  kinds  of  sands  differ 
greatly,  and  mixtures  are  generally  made  to  suit  the  particular 
want.  For  ironfounding  powdered  coke  and  coal  are  some- 
times added.  Sands  for  different  purposes  have  specific 
names,  as  core-sand,  dry-sand,  facing-sand,  green-sand,  new- 
sand,  old-sand,  strong-sand,  &c. 

Sand-burned. — Sand  partially  fused  by  the  heat  of  the 
metal  and  adhering  to  the  casting.  This  defect  is  caused  by 
the  unsuitable  nature  of  the  sand  or  the  want  of  proper  black- 
ing on  the  mould. 

Scoring. — The  bursting  or  splitting  of  a  casting  due  to 
strain  in  contraction. 

Scrap-iron. — The  spattered  masses  of  iron,  wasters,  and 
pieces  of  iron  which  have  been  previously  cast. 

Shank. — The  ladle  in  which  metal  is  carried  from  the  fur- 
nace to  the  mould.  It  is  managed  by  a  straight  bar  at  one 
end,  and  a  cross  bar  with  handles,  called  the  crutch,  at  the 
other  end,  by  which  it  is  tipped  to  pour  the  metal.  Shanks 
are  made  in  various  sizes,  from  those  handled  by  two  men  to 
those  slung  from  a  crane,  and  often  capable  of  containing 
several  tons  of  metal. 
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Shovel.  —  The  implement  for  heaping  sand  into  the 
flask. 

Shrinkage.— The  contraction  of  molten  metals  on  cooling. 
Patterns  are  always  made  larger  in  all  their  dimensions  than 
the  finished  castings  are  required  to  be.  Iron  shrinks  from 
one-sixteenth  of  an  inch  to  one-eighth  of  an  inch  per  foot  ; 
brass  about  five-thirty- seconds  of  an  inch ;  bismuth  about  the 
same ;  zinc  and  lead  about  five-tenths  of  an  inch  per  foot ; 
copper  three-sixteenths  of  an  inch  per  foot;  tin  about  one- 
fourth  of  an  inch  per  foot. 

Shrinking-head. — A  body  of  metal  in  the  gate  of  a 
mould  to  supply  the  casting  with  metal  during  shrinkage. 
Similar  to  a  riser. 

Shutter. — A  spade-shaped  implement  by  which  the  moulder 
stops  the  flow  into  the  mould  in  casting  direct  from  the  fur- 
nace. By  stopping  the  metal  at  the  ingate,  the  founder  can 
allow  the  sow  to  become  sufficiently  full,  and  the  metal  to 
attain  the  right  temperature,  before  he  allows  it  to  run  into 
the  mould. 

Sieve. — A  wire-cloth  sifter  for  distributing  the  sand  over 
the  pattern. 

Skimmer. — A  bar  to  keep  back  slag  and  dross  when 
pouring  from  the  ladle.  That  part  which  comes  in  contact 
with  the  molten  metal  is  protected  by  loam. 

Slag. — A  basic  silicate  of  iron  floating  on  the  metal  in  the 
furnace  or  ladle,  and  which  it  is  the  business  of  the  skimmer 
to  push  back  in  pouring. 

Sleeker. — A  small  polished  tool  for  smoothing  surfaces  of 
sand  in  the  mould. 

Sow. — A  main  channel  in  the  floor  of  the  foundry  to  hold 
metal  when  heavy  castings  are  to  be  made  without  the  use  of 
the  ladle. 

Spill-trough. — The  trough  against  which  the  inclined  flask 
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rests  when  the  metal  is  poured.  Any  metal  spilt  from  the 
crucible  is  caught  in  the  spill-trough. 

Spray. — A  set  of  castings  attached  by  their  individual 
sprues  to  the  main  runner. 

Sprue. — The  piece  of  metal  attached  to  a  casting  occupy- 
ing the  runner  through  which  the  metal  was  poured. 

Stalk. — An  iron  rod  furnished  with  spikes  to  form  the 
centre  of  a  core. 

Staple. — A  piece  of  iron  driven  into  the  sand,  and  pro- 
jecting therefrom  to  hold  a  core. 

Steady-pin. — One  of  the  dowel-pins  which  form  a  part 
of  the  locking  device  securing  together  the  parts  of  a  flask  ; 
there  being  usually  three  or  four  pins  in  one  part  of  a  flask ^ 
which,  by  fitting  into  the  lugs  of  the  other,  enable  the  two  parts 
to  be  restored  to  their  original  position  after  the  pattern  is 
withdrawn  from  the  mould.  The  same  term  is  applied  to- 
dowel  pins  used  to  hold  different  parts  of  a  pattern  together. 

Stopping-off. — A  term  applied  to  the  fiUing-up  with  sand 
of  a  portion  of  a  mould  when  a  casting  is  desired  without 
counterpart  of,  or  smaller  than,  the  pattern  from  which  the 
mould  is  formed. 

Stove. — The  drying-chamber  for  moulds  and  cores. 

Strickle. — A  straight  edge  used  to  remove  superfluous 
sand  from  a  flask  after  ramming  up.  Also,  a  piece  of  wood 
used  in  loam-moulding. 

Strike. — The  same  as  strickle. 

Strong-sand. — Tenacious  from  abundance  of  clay. 

Su  Mage.— The  scum,  slag,  scoria,  dross  floating  on  metal. 

Sullage-piece. — An  additional  length  on  the  upper  end 
of  a  casting  to  ensure  compactness  of  the  lower  part.  The 
scum  rises  into  the  sullage-piece,  which  is  afterwards  re- 
moved. 

Swab. — A  soft  brush  of  frayed  rope,  used  in  wetting  the 
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parting-edge j^efcS-e  d*a\^ilT^lhfe  And  also  to  moisten 

parts  of  tfiie  mociltl*reqHmfig 'repairs.'  *  ^  .*  **• 

Swab-pot. — An  iron  vessel  to  hold  water  for  the  swab. 

Tap-hole. — The  opening  from  which  iron  flows  from  the 
cupola.    It  is  stopped  by  a  bot. 

Tapping-bar. — One  for  opening  the  tap-hole  by  removing 
the  bot  of  clay. 

Teaming. — The  term  used  for  the  operation  of  pouring 
molten  steel. 

Tedge. — The  ingate  or  aperture  in  a  mould  through  which 
the  metal  is  poured.  The  metal  which  hardens  in  the  tedge 
is  a  sprue  or  waster. 

Tumbling-box. — A  contrivance  for  cleaning  castings  and 
grinding  or  polishing  small  articles  by  attrition.  It  consists 
usually  of  a  cylindrical  or  barrel-shaped  receptacle  mounted  on 
an  axis  and  provided  with  a  door  for  the  introduction  of  the 
work.  Some  materials,  as  slag,  cinders,  sand,  emery,  plumbago, 
scraps  of  leather,  &c.,  according  to  the  work  required  to 
be  operated  upon,  are  put  in  the  box  with  the  castings  and  the 
whole  revolved  by  a  winch  or  pulley. 

Thickness.— The  portion  of  loam,  in  loam- moulding, 
which  represents  the  object  to  be  cast,  and  which  is  removed 
before  pouring. 

Trestles. — Frames  on  which  the  perforated  core-barrels 
rest  in  pipe-moulding.  Used  with  the  loam-board,  they  form 
a  crude  sort  of  lathe,  which  answers  the  purpose  fully. 

Trowel. — Implements  of  various  forms  and  dimensions 
used  in  slicking  and  parting  sand  in  the  mould. 

Under-cut.— The  parts  of  a  pattern  in  which  the  sand 
would  be  broken  by  drawing  the  pattern  perpendicularly. 
The  difficulty  is  avoided  by  cores,  draw-backs,  or  an  additional 
part  to  the  flask. 

Vent. — A  channel  by  which  air  escapes  from  the  mould. 
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Vent-wire. — A  sliarp-pdinted  sted  wire  for  pieiTing  sand 
in  the  mould  to  allowesc£tpe'6f  aii". 

Waster. — A  spoiled  casting  which  goes  to  the  scrap-heap 
for  remelting. 

Watering-can. — One  with  a  rose  to  damp  the  moulding- 
sand. 

Weighting. — Blocks  put  on  a  flask  to  keep  the  cope  down 
under  the  upward  pressure  of  the  body  of  iron  poured  into  the 
mould. 
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Tlie  Water  Supply  of  Cities  and  Towns. 

A  COMPREHENSIVE  TREATISE  on  the  WATER- 
SUPPLY  OF  CITIES  AND  TOWNS.  By  William  Humber,  A.M. 
Inst.  C.E.,  and  M.  Inst.  M.E.,  Author  of  "  Cast  and  Wrought  Iron  Bridge 
Construction,''  &c.,  &c.  Illustrated  with  50  Double  Plates,  i  Single  Plate, 
Coloured  Frontispiece,  and  upwards  of  250  Woodcuts,  and  containing 
400  pages  of  Text.  Imp.  410,  £6  6s.  elegantly  and  substantially  half-bound 
in  morocco. 

"  The  most  systematic  and  valuable  work  upon  water  supply  liitherfn  produced  in  English. 
rn'2v1,"7°^-  ■    •    •>■  ¥>•■  Humber  s  work  is  characterised  almost  throughout  by 

an  exhai  stiveness  much  more  distmctive  of  French  and  German  than  of  Enghsh  technical 
treatises.  — hngmeer. 

"  We  can  congratulate  Mr.  I  lumber  on  having  been  able  to  give  so  large  an  amount  of  in- 
lormation  on  a  subject  so  important  as  the  water  supply  of  cities  and  towns.  The  plates,  fifty 
"M„T     'f  drawings  of  executed  works,  and  alone  would  have  commanded  the 

attention  of  every  engineer  whose  practice  may  lie  in  this  branch  of  the  profession. •■-£!«/ar«r 

Cast  and  Wrought  Iron  Bridge  Construction. 

A  COMPLETE  AND  PRACTICAL  TREATISE  ON  CAST 
AND  WROUGHT  IRON  BRIDGE  CONSTRUCTION,  including  Iron 
FoundaHons.    In  Three  Parts-Theoretical,  Practical,  and  Descriptive. 
By  William  Humber,  A.M.  Inst.  C.E..  and  M.  Inst.  M.E.  Third  Edition 
revised  and  miich  improved,  with  115  Double  Plates.    In  Two  Vols.  imp. 
410,  £6  16s.  6a.  half-bound  im  morocco. 
^.JI^'A  Huraber-s  stately  volumes  lately  issued-in  which  the  most  important  bridges 
erected  during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cubitt 
Mr.  Hawkshaw,  Mr.  Page,  Mr  Powler,  Mr.  Hemans,  and  others  among  our  most  eminent 
cngmeers,  are  drawn  and  specified  in  great  detail."— Zfw^mfc?-.  ■  ""ai  cmu.eiit 

Oblique  Bridges. 

A  PRACTICAL  AND  THEORETICAL  ESSAY  ON 
OBLIQUE  BRIDGES  With  13  large  Plates.  By  the  late  George 
Watson  Buck,  M.I.C.E.  Third  Edition,  revised  by"his  Son  I  H  Wat- 
son Buck,  M.I.C.E.;  and  with  the  addition  of  Description  to  Diagram^ 
for  facilitating  the  Construction  of  Oblique  Bridges  by  W  H  Barlow 
M.I.C.E.    Royal  8vo,  I2S.  cloth.  o       j  ■  , 

"  The  standard  text-book  for  all  engineers  regarding  skew  arches,  is  Mr.  Buck's  treatise 
and  it  would  be  impossible  to  consult  a  bettor.  '— i;'«^,-«,f>-.  •     "ui.».  ^  ifc^usc 
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Bridge  Construction  in  Masonry,  Timber  &  Iron. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION OF  MASONRY,  TIMBER  AND  IRON.  Consisting  of  46  Plates 
from  the  Contract  Drawings  or  Admeasurement  of  select  Works.  By 
W.  D.  Haskoll,  C.E.  Second  Edition,  with  the  Addition  of  554  Esti- 
mates, and  the  Practice  of  Setting  out  Works.  Illustrated  with  6  pages 
of  Diagrams.    Imp.  4to,  £2  12s.  6d.  half-morocco. 

"  A  work  of  the  present  nature  by  a  man  of  Mr.  Haskoll's  experience  must  prove  in- 
valuable.  The  tables  of  estimates  will  considerably  enhance  its  value."— Jiiig^i/ieeriiij:. 

Earthwork. 

EARTHWORK  TABLES.  Showing  the  Contents  in  Cubic 
Yards  of  Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  an 
average  of  80  feet.  By  Joseph  Broadbent,  C.E.,  and  Francis  Campin, 
C.E.   Crown  8vo,  5s.  cloth. 

"  The  way  in  which  accuracy  is  attained,  by  a  simple  division  of  each  cross  section  iiUo 
tlH-ce  elements,  two  in  whicli  are  constant  and  one  variable,  is  ingfenious.' — Athenaum. 

Barlow's  Strength  of  Materials,  enlarged. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS : 
with  Rules  for  Application  in  Architecture,  the  Construction  of  Suspen- 
sion Bridges,  Railways,  &c.  By  Peter  Barlow,  F.R.S.  Arranged  and 
Edited  by  W.  Humber,  A.M.  Inst.  C.E.  Demy  8vo,  400  pp.,  with  19  large 
Plates  and  numerous  Woodcuts.  i8s.  cloth. 

"  Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner,  it  will  always  rank 
in  future  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject." — 

"  A  book  which  no  engineer  of  any  kind  can  afford  to  be  without." — Colliery  Guardian. 
"Tlterc  is  no  greater  authority  than  Barlow." — Builditig  Neius. 

Survey  Practice. 

AID  TO  SURVEY  PRACTICE,  for  Reference  in  Surveying, 
Levelling,  Setting-out  and  in  Route  Surveys  of  Travellers  by  Land  and  Sea. 
With  Tables,  Illustrations,  and  Records.  By  Lowis  D'A.  Jackson, 
A.M.I. C.E.,  Author  of  "  Hydraulic  Manual,"  "  Modern  Metrology,"  &c. 
Large  crown  8vo,  12s.  6d.  cloth. 

"  Mr.  Jackson  has  produced  a  valuable  vade  meaim  for  the  surveyor.  We  can  recommend 
this  book  as  containing  an  admirable  supplement  to  the  teaching  of  the  accomplisliod  sur- 
veyor, "^-(4//t<r;/f^wwr. 

"The  .luthor  brings  to  his  work  a  fortunate  union  of  theory  and  practical  experience, 
which,  aided  by  a  clear  and  lucid  style  of  writing,  renders  the  book  a  very  useful  one." — 
Suilder. 

Levelling. 

A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE 
OF  LEVELLING.  By  Frederick  W.  Simms,  F.G.S.,  M.I.C.E.  Seventh 
Edition,  with  the  Addition  of  Law's  "  Practical  Examples  for  Setting-out 
Railway  Curves,'' and  Trautwine's  "  Field  Practice  of  Laying-out  Cir- 
cular Curves."  With  7  Plates  and  numerous  Woodcuts,  8vo,  8s.  6d,  clolh. 
*,^*  Trautwine  on  Curves,  separate,  5s. 

**  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges." — Fn^tnefr, 
"  The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to  the 

younger  members,  by  bringing  out  the  present  edition  of  Mr.  Simms'  useful  wcr'K." — 

£>t£^ineeriti£: 

Tunnelling. 

PRACTICAL  TUNNELLING.  By  Frederick  W.  Simms, 
F.G.S.,  M.  Inst.  C.E.  Third  Edition,  Revised  and  Extended  by  D.  Kin- 
near  Clark,  M.Inst.C.E.  Imp.  8vo,  with  21  Folding  Plates  and  numerous 
Wood  Engravings,  30s.  cloth. 
"  It  has  been  regarded  from  the  first  as  a  text-book  of  the  subject  .  .  Mr.  Clark  lias 
added  immeiiiely  to  the  value  of  the  hook."  —E>ig-i>iefr. 

"  The  additional  chapters  by  Mr.  Clark,  containing  as  they  do  numerous  example?  of 
modern  practice,  bring  the  book  well  up  to  6.aXe."—JSn£:i>ieering. 
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Statics,  Graphic  and  Analytic. 

GRAPHIC  AND  ANALYTIC  STATICS,  in  Theory  and  Com - 
panson:  Their  Practical  Application  to  the  Treatment  of  Stresses  in 
Roots  and  other  Frameworks.  To  which  is  added  a  Chapter  on  Wind 
Pressures.  By  R.  Hudson  Graham,  C.E.  With  numerous  Examples 
many  taken  from  existinK  Structures.  Second  Edition,  Revised  and 
Enlarged.   8vo,  i6s.  cloth. 

Graham's  book  will  find  a  place  wlierever  graphic  and  analytic  statics  are  used  or 
stutlied.  — hjt^itteer. 

"The  work  is  excellent  from  a  practical  point  of  view,  and  has  evidently  been  prepared 
with  much  care.  The  directions  for  working-  are  ample,  and  are  illustrated  by  an  abundance 
of  well-selected  examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman  "— 

Strains,  Formula'  <£  Diagrams  for  Calculation  of. 

A  HANDY  BOOK  for  the  CALCULATION  OF  STRAINS 
IN  GIRDERS  AND  SIMILAR  STRUCTURES,  AND  THEIR 
STRENGTH.  By  William  Humber,  A  M.I.CE.,  &c.  Fourth  Edition. 
Crown  8vo,  nearly  lOO  Woodcuts  and  3  Plates,  7s.  6d.  cloth. 
"  The  fonnuUe  are  neatly  expressed,  and  the  diagrams  good." — Athenceum. 
"We  heartily  commend  this  really  I'.andy  book  to  our  engineer  and  architect  readers  ' - 
English  Mechaftic. 


IlydrailUc  Tables. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  AND  FOR- 
MULAE for  Finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers.  With  New  Formulae,  Tables  and  General  Infermatioii 
on  Rainfall,  Catchment-Basins,  Drainage,  Sewerage,  Water  Supply  for 
Towns,  and  Mill  Power.    By  John  Ne%'ille,  Civil  Engineer,  M.R.I.A 
Third  Edition,  carefully  revised,  with  considerable  Additions.  Numerous 
Illustrations.    Crown  8vo,  14s.  cloth. 
"  It  is,  of  all  Knglish  books  on  the  subject,  the  one  nearest  to  completion.   .    .  From 
the  good  arrangement  of  the  matter,  the  clenr  explanations,  and  abundance  of  form'ute  the 
carefully-calcuhited  tables,  and,  above  all.  the  thorough  acquaintance  with  both  theory'and 
construction  which  is  displayed  from  first  to  last,  the  book  will  be  found  to  be  an  acquisition 
—Architecl. 


Hydraulics. 

HYDRAULIC  MANUAL.    Consisting  of  Working  Tables 
and  Explanatory  Text.    Intended  as  a  Guide  in  Hydraulic  Calculations 
and  Field  Operations.     By  Lowis  D'A.  Jackson.    Fourth  Edition 
Rewritten  and  Enlarged.    Large  crown  8vo,  i6s.  cloth. 
"  From  the  great  mass  of  material  at  his  command  the  author  has  constructed  a  manml 
which  n«y  be  accepted  as  a  trustworthy  guide  to  this  branch  of  the  engineer's  profession 
■We  can  heartily  recommend  this  volume  to  all  who  desire  to  be  acquainted  with  the  latest  de' 
velopment  of  this  important  subject." — Engineering. 


Tramivays  and  their  Woi'Jcing. 

TRAMWAYS :  THEIR  CONSTRUCTION  AND  WORK- 
ING. Embracing  a  Comprehensive  History  of  the  System-  with  an 
exhaustive  Analysis  of  the  various  Modes  of  Traction  ;  a  Description  of 
the  Varieties  of  Rolling  Stock ;  and  ample  Details  of  Cost  and  Working 
Expenses.  By  D.  Kinnear  Clark,  M.  Inst.  C.E.  With  over  200  Wood 
Engravings,  and  13  Folding  Plates.  Two  Vols.,  large  crown  8vo  qos 
cloth.  '  ■ 

"  All  interested  in  tramways  must  refer  to  it,  as  aU  railway  engineers  have  turned  to  tht- 
author's  work  '  Railway  Machinery.' "—/iK^i««r. 

"  The  best  form  of  rails,  the  best  mode  of  construction,  and  the  best  mechanical  appliances 
are  so  fairly  indicated  in  the  work  under  review,  that  any  engineer  about  to  construct  a  tram 
way  will  be  enabled  at  once  to  obtain  the  practical  information  which  will  be  of  most  serrice 
to  n\w."—.^(/ie/i(ettm. 
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Tables  for  Setting-out  Curves. 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTI- 
PLES for  Setting-out  Curves  from  5  to  200  Radius.  By  Alexander 
Beazeley,  M.  Inst.  C.E.  Third  Bdition.  Printed  on  48  Cards,  and  sold 
in  a  cloth  box,  waistcoat-pocket  size,  3s.  6d. 

••  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  ilic  Theodolite,  leaves  the 
hands  free  to  manipulate  tlie  instrument— no  small  advantage  as  rcyards  llic  rapidity  ol  w  ork. 

l^ngineering  Fieldwork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
applied  to  Land  and  Hydraulic,  Hydrographic,  and  Submarine  Surveying 
and  Levelling.  Second  Edition,  Revised,  with  considerable  Additions, 
and  a  Supplement  on  Waterworks,  Sewers,  Sewage,  and  Irrigation.  By 
W.  Davis  Haskolt.,  C.E.  Numerous  Folding  Plates.  In  One  Volume, 
demy  8vo,  £1  ss.  cloth. 

Large  Tunnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS  : 
A  Practicaland  Theoretical  Essay .  By  J.  H.  Watson  Buck,  M.  Inst.  C.E.,. 
Resident  Engineer,  London  and  North-Western  Railway.  Illustrated 
with  Folding  plates.  Royal  8vo,  12s.  cloth. 

"Will  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  calculated  to  save  much 
time  and  obviate  many  mistakes."— C't'//z«'_v  Guardian. 

Surveying. 

LAND  AND  MARINE  SURVEYING,  in  reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  Rivers,  Towns' 
Water  Supplies ;  Docks  and  Harbours  ;  with  Description  and  Use  of  Sur- 
veying Instruments.  By  W.  Davis  Haskoi.l.  Second  Edition,  revised 
with  Additions.    Large  crown  8vo,  with  13  Plates,  9s.  cloth. 

[Just  Published. 

Field-BooJc  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON- 
TRACTOR'S FIELD-BOOK.  Contisting  of  a  Series  of  Tables,  with 
Rules,  Explanations  of  Systems,  and  use  of  Theodolite  for  Traverse 
Surveying  and  Plotting  the  Work  with  minute  accuracy  by  means  of 
Straight  Edge  and  Set  Squaie  only;  Levelling  with  the  Theodolite : 
Setting-out  Curves  without  1  heodolite,  &c.,  &c.  By  W.  Davis  Haskoll, 
C.E.  With  numerous  Woodcuts.  Fourth  Edition,  Enlarged.  Crown 
8vo,  I2S.  cloth. 

••  The  book  is  very  handy,  and  the  autlior  might  have  added  ih  it  the  separate  tables  of 
sines  and  tangents  to  every  niinute  will  make  it  useful  for  many  oilier  inirijoses,  the  genuine 
iraversij  tables  existing  all  the  same." — yithe'iLenm. 

EartJnvorJc,  Measurement  and  Calculation  of. 

A  MANUAL  ON  EARTHWORK.  By  Alex.  J.  S.  Gkaham, 
C.E.    With  numerous  Diagrams,    ibmo,  2S.  (sd.  cloth. 

Strains. 

THE  STRAINS  ON   STRUCTURES   OF  IRONWORK; 
with  Practical  Remarks  on  Iron   Construction.     By  F.  W.  Sheilds, 
M.  Inst.  C.E.  Second  Edition,  with  5  Plates.  Royal  8vo,  5s.  cloth. 
■■  I  he  student  cannot  find  a  better  book  on  this  subject."— JSiri'itierr. 

Strength  of  Cast  Iron,  etc, 

A  PRACTICAL  ESSAY  ON  THE  STRENGTH  of  CAST 
IRON  AND  OTH  ER  METALS.  By  Thomas  Trkdgold,  C.E.  Fifth 
Edition,  including  Hodgkinson's  Experimental  Researches.  8vo,  12s. 
cloth. 
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MECHANICS  AND  MECHANICAL  ENGINEERING. 


Mechanic's  Worhshop  Companion. 

THE  PRACTICAL  MECHANIC'S  WORKSHOP  COM- 
PANION. Comprising  a  great  variety  of  the  most  useful  Rules  and 
Formulae  in  Mechanical  Science  ;  with  numerous  Tables  of  Practical 
Data  and  Calculated  Results  for  facilitating  Mechanical  Operations.  By 
W.  Templeton,  Author  of  "The  Engineer's  Practical  Assistant."  An 
Entirely  New  Edition,  Revised,  Modernised  and  considerably  Enlarged 
by  Walter  S.  Hutton,  C.E.  With  upwards  of  250  Illustrations. 
Fcap.,  6s.  leather.  [ju^t  publisheU. 

"  It  has  met  witli  great  success  in  the  engineering  workshop,  as  we  can  testify  ;  and  there 

.are  .1  great  many  men  wlio,  in  a  great  measure,  owe  their  rise  iii  Hfe  to  tliis  little  book."— 

Building  NciL's. 

Engineer's  and  3IachinisVs  Assistant. 

The  ENGINEER 'S,  MILLWRIGHT'S,  and  MACHINIST'S 
PRACTICAL  ASSISTANT.  Comprising  a  collection  of  Useful  Tables, 
Rules  and  Data.  Compiled  and  Arranged,  with  Original  Matter,  by 
William  Tempi.kton.  Seventh  Edition.  Carefully  Revised,  with 
Additions.    iSino,  is.  6d,  cloth. 

"  A  more  suit.-ible  prcM-iit  to  an  apprentice  to  any  of  the  mechanical  trades  could  not 
possibly  be  niado.  — Buildin^^  .Xcic;. 

Mechanics. 

THE  HANDBOOK  OF  MECHANICS.  By  Dionysius 
Lardner,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and  Astro- 
nomy in  University  College,  London.  New  Edition,  Edited  and  con- 
siderably Enlarged  by  Benjamin  Loewy,  F.R.A.S.,  &c.  378  Illustrations 
post  8vo,  6s.  cloth. 

_  '■  The  explanations  tliroughout  are  studiously  popular,  and  care  has  been  taken  to  show 
ine  application  ot  the  various  branches  of  pliysics  to  the  industrial  arts,  and  to  the  practica' 
business  of  hfe.  —Miiiin!;  yoiirnal. 

Turning. 

LATHE-WORK :  A  Pmctical  Treatise  on  the  Tools,  Appliances, 
and  Processes  employed  in  the  Art  of  Turning.  By  Paul  N.  Hasluck. 
Third  Edition,  Revised  and  Enlarged,    Crown  8vo,  5s.  cloth. 

\_Jmt  piiblislied. 

"Written  by  a  man  wlio  knows,  not  only  how  work  ought  to  be  done,  but  who  also  knows 
how  to  do  It,  and  how  to  convey  his  knowledge  to  others.  To  all  turners  this  book  woukl  be 
valuable.  — L)i^i}tee>'iti<^. 

Iron  and  Steel. 

IRON  AND  STEEL  :  A  Work  for  the  Forge,  Foundry,  Factory, 
and  Office.  Containing  ready,  useful,  and  trustworthy  Information  for 
Ironmasters  and  their  Stock-takers;  Managers  of  Bar,  Rail,  Plate,  and 
Sheet  Rolling  Mills;  Iron  and  Metal  Founders;  Mechanical,  Mining 
and  Consuking  Engineers,  &c.  &c.  By  Chas.  Hoare.  Eighth  Edition, 
Revised  and  Enlarged.  Oblong  32mo,  leather,  elastic  band,  6s. 
•'  For  comprehensiveness  the  book  has  not  its  equal."— /?-<);;. 

"  One  of  the  best  of  tlie  pocket  books,  and  a  useful  companion  in  other  branches  of  work 
iron  and  steel.  —luis^lUh  Mccliaiiic. 

Stone-worliing  Machinery. 

STONE-WORKING  MACHINERY,  and  the  Rapid  and  Eco- 
nomical Conversion  of  Stone.    With  Hints  on  the  Arrangement  and  Min- 
agementof  Stone  Works.   By  M.  Powis  Bale,  M.I.M.E.,  A.M  I  C  E 
With  numerous  Illustrations.    Large  crown  «vo,  gs.  cloth. 
"  The  book  slioukl  be  in  tlie  hands  of  every  mason  or  student  of  stone-work."— CoW.ro' 
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J'Jngineer's  Reference  Book. 

THE  WORKS'  MANAGER'S  HANDBOOK  OF  MODERN 
RULES,  TABLES,  AND  DATA.  For  Engineers,  Millwrights,  and 
Boiler  Makers;  Tool  Makers.  Machinists,  and  Metal  Workers  ;  Iron  and 
Brass  Founders,  &c.  By  W.  S.  Hutton,  Civil  and  Mechanical  Engineer. 
Third  Edition,  carefully  Revised,  with  Additions.  In  One  handsome 
Volume,  medium  8vo,  price  15s.  strongly  bound.  IJ"^*  published. 

Contents  : 

Bevel,  and  Mortice  'Wheels— Warminf;  and 
Ventilating— Weight  of  Iron,  Steel,  Brass, 
and  various  Metals  and  Materials. 

Also,  The  Indicator  and  Indicator  Dia- 
grams—Various Memoranda  for  the  Foundry 
and  Workshop— Rules  for  the  Weight  ol 
C.Lsiings— Tlie  New  Patent  Lawand  Costs  of 
Patents— Legal  Memoranda— IJst  of  French 
IVords  for  English  Engineering  Terms- 
French  and  English  Weights  and  Measures 
—And  a  variety  of  Modern  Practical  Infor- 
mation for  Civil  and  Mechanical  Engineers. 

j  "The  volume  is  an  exceedingly  useful  one,  brimful  with  engineers'  notes,  memoranda,  and 

rules,  and  well  ^vorthy  of  being  on  every  mechanical  engineer's  bookshelf.  ...  1  here  is 
valuable  information  on  every  page"— MecJianicni  World. 

"The  information  is  precisely  that  likely  to  be  required  in  practice.  .  .  .  The  work 
forms  a  desirable  addition  to  the  library,  not  only  of  the  works'  manager,  but  of  anyone  con- 

\  iiected  with  general  engineering."— ^i«i«ir  'yournal. 

i  ■  "A  formidable  mass  of  facts  and  figures,  readily  accessible  through  an  elaborate  index 

Such  a  volume  will  be  found  absolutely  ncccss.u  v  as  a  book  of  reference  m  all  sorts 
S  i.f 'works' connected  with  the  metal  trades.    .    .    .    Any  ordinary  foreman  or  workman  cau 

I  find  all  he  wants  in  the  crowded  pages  of  this  useful  work.  "-  Ryland  s  Iron  1  rades  ttrailar. 

Engineering  Construction. 

PATTERN -MAKING  :  A  Practical  Treatise,  embracing  the 
i  Main  Types  of  Engineering  Construction,  together  with  the  methods  of 

i  Estimating  the  Weight  of  Castings;  to  which  is  added  an  Appendix  of 

i  Tables  for  Workshop  Reference.     By  a  Foreman  Pattern  Maker. 

With  upwards  of  Three  Hundred  and  Seventy  Illustrations.  Crown 
8vo,  ys.  6d.  cloth.  [Jwst  published. 

"A  well-written  technical  guide,  evidently  written  by  a  man  who  understands  and  has 
piactised  what  he  has  written  about  ;  he  says  what  he  has  to  say  in  a  plain,  straightforward 
manner.  We  cordially  recommend  the  treatise  to  engineering  students,  young  journeymen, 
and  others  desirous  of  being  initiated  into  the  mysteries  of  pattern-making."— A'Ki'i'f/f?-. 

Smithes  Tables  for  3Iec7iaiiics,  etc. 

TABLES,  MEMORANDA,  andCALCULATED  RESULTS, 
FOR  MECHANICS,  ENGINEERS.  ARCHITECTS,  BUILDERS,  &c. 
Selected  and  Arranged  by  Francis  Smith.  Third  Edition,  Revised  and 
Enlarged,  250  pp.,  waistcoat-pocket  size,  is.  6d.  limp  leather. 

i  [jf»st  published. 

\  ••  It  would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notes  and 

1  formula;  to  suit  ALL  enyineers  as  it  would  be  to  maki;  a  universal  medicine  ;  but  Mr.  Smin's 

waistcoat-pocket  collection  may  be  looked  upon  as  a  siicces-sfiil  attempt."— i;;^iH«r. 

\  ••  A  veritable  pocket  treasury  of  knowledge.' —/rf//. 

I  Mailivay  Working. 

1  SAFE   RAILWAY    WORKING.     A  Treatise  on  Railway 

Accidents:  Their  Cause  and  Prevention.  With  a  Description  of  Modern 
Appliances  and  Systems.  By  Clement  E.  Stretton,  C.E.,  Vice-Presi- 
dent and  Consulting  Engineer  of  the  Amalgamated  Society  of  Railway 
Servants.   Crown  8vo,  4s.  6rf.  cloth.  {Just  published. 

j  "A  very  useful  and  instructive  book,  and  one  that  will  assist  in  bringiug  before  interested 

'  l>eople  the  requirements  that  arc  necessary  for  the  sale  working  of  railways."— ./>/«t7ia«i<7it' 

liorM. 


Proportions  and  Rules  for  Modern  Sta- 
tionary and  Locomotive  Engines— Lanca- 
shire, Cornish,  Vertical,  Return  Tube,  and 
I'ortable  Engine  Boilers— Chimneys— Water 
\V  heels.  Pumps,  Pipes,  Girders,  Gearing, 
Shafting,  and  Millwork— Iron  Foundry  Work 
and  Brass  Work— Rules  and  Practical  Data  ] 
relating  to  the  Strenath  and  Weight  of  j 
Metals  and  Materials— Iron  and  Brass  Cast- 
ing-Cutting Metals— Wheel  Cuttiivj— Screw 
(.anting— Wheel  Gearing— Rope  Gearing- 
Pulleys— Weight  of  Pulleys— Weight  of  Spur,  1 
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Chain  Cables. 

CHAIN  CABLES  AND  CHAINS.  Comprising  Sizes  and 
Curves  of  Links,  Studs,  &c.,  Iron  for  Cables  and  Chains,  Chain  Cable 
and  Chain  Making,  Forming  and  Welding  Links,  Strength  of  Cables  and 
Chains,  Certificates  for  Cables,  Marking  Cables,  Prices  of  Chain  Cables 
and  Chains,  Historical  Notes,  Acts  of  Parliament,  Statutory  Tests, 
Charges  for  Testing,  List  of  Manufacturers  of  Cables,  &c.,  &c.  With 
numerous  Tables,  Illustrations  and  Lithographic  Drawings.  By  Thomas 
W.  Traill,  C.E.,  R.N.  Folio,  £2  2S.  cloth,  bevelled  boards. 
"Notliine-  seems  to  be  wanting-  to  make  it  a  complete,  handsome  and  standard  work  of 
reference  on  the  subject  of  chain  cables  and  diams."— Nautical  Maj^azine. 

Steam  Boilers. 

A  TREATISE  ON  STEAM  BOILERS  :  Their  Strength,  Con- 

struction,  and  Economical  Woyking.  By  Robert  Wilson  C.E.  Fifth 
Edition.    i2mo,  6s.  cloth. 

"  The  best  treatise  that  has  ever  been  published  on  steam  boilers."— iTw^iw^sr. 

■•  The  author  sliows  himself  perfect  master  of  liis  subject,  and  we  heartily  recommend 
all  employmg  steam  power  to  possess  themselves  of  the  work."— Jiyland's  Jron  Trades 
c  ircular. 

Boiler  Making. 

THE  BOILER-MAKER'S  READY  RECKONER.  With 
)  :xamples  of  Practical  Geometry  and  Templating,  for  the  Use  of  Platers, 
Smiths  and  Riveters.  By  John  Courtney.  Edited  by  D.  K.  Clark, 
M.I.C.E.    Second  Edition,  with  .Additions.    lamo,  55.  half-bound. 

■'  A  reliable  guide  to  the  working  boiler-maker."— /ro«. 

••  Uoiler-makers  will  readily  recognise  the  value  of  this  volume.  The  tabk!s  are  cle.irly 
prnited,  and  so  arranged  that  they  can  be  referred  to  with  the  greatest  facility,  so  that  they 
will  l)e  generally  appreciated  and  much  used."— Minings  Joitrnal. 

Steam  Engine. 

TEXT -BOOK  ON  THE  STEAM  ENGINE:  With  a  Sup- 
plement  on  GAS  ENGINES.  By  T.  M.  Goodeve,  M.A.,  Barrister-at-Law, 
Author  of  "The  Elements  of  Mechanism,"  &c.  Eighth  Edition,  En- 
larged. Crown  8vo,  6s.  cloth. 

'•  Professor  Goodeve  has  given  us  a  treatise  wliich  will  bear  comparison  with  anything 
written  by  Hu.\ley  or  Maxwell,  and  we  can  award  it  no  higlier  praise."— yi«j.iTHe^,-. 

Portable  Engine. 

THE  PORTABLE  ENGINE:  Its  Construction  and  Manage- 
ment. A  Practical  Manual  for  Owners  and  Users  of  Steam  Engines 
generally.   By  W.  D.  Wansbrough.   Crown  8vo,  3s.  6d.  cloth. 

Ijfust  published. 

"  A  very  complete  manual  for  users  in  the  construction  and  management  of  steam 
e ng i ncs. "— .ff  nilding-  Keitis. 

Steam. 

THE  SAFE  USE  OF  STEAM.  Containing  Rules  for  Un- 
professional  Steam-users.    By  an  Engineer.    Fifth  Edition.  Sewed,  6d. 

"  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would  beconte 
sen-iaiions  by  their  rarity." — English  Mechanic. 

Coal  and  Speed  Tables. 

A  POCKET  BOOK  OF  COAL  AND  SPEED  TABLES, 
for  Engineers  and  Steam-users.  By  Nelson  Foley,  Author  of  "  Boiler 
Construction."   Pocket-size,  3s.  6d.  cloth  ;  4s.  leather. 

Gas  Ligliting. 

COMMON  SENSE  FOR  GAS-USERS:  A  Catechism  0/ Gas- 

lAjrhting  for  Householders,  Gasfitters,  Millowners,  Architects,  Engineers, 
etc.  By  Robert  Wilson,  C.E.,  Author  of"  A  Treatise  on  Steam  Boilers." 
Second  Edition.   Crown  8vo,  sewed,  with  Folding  Plates,  2S.  6d. 
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THE  POPULAR  WORKS  OF  MICHAEL  REYNOLDS 

(Known  as  "The  Engine  Driver's  Friend"). 

Locomotive-Engine  Driving, 

LOCOMOTIVE-ENGINE  DRIVING:  A  Practical  Manual 
for  Engineers  in  charge  of  Locomotive  Engines.  By  Michael  Reynolds, 
M.S.E.,  formerly  Locomotive  Inspector  L.  B.  and  S.  C.  R.  Seventh 
Edition.  Including  a  Key  to  the  Locomotive  Engine.  With  Illus- 
trations and  Portrait  of  the  Author.  Crown  8vo,  4s.  6d,  cloth. 
■'  Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  well.    We  can  confidently 

recommend  the  book,  not  only  to  the  practical  driver,  but  to  everyone  who  takes  an  interest 

ill  the  performance  of  locomotive  engines."— 7"A^  Engineer. 

"  Mr.  Reynolds  has  opened  a  new  chapter  in  the  literature  of  tlie  day.    Of  the  practical 

utility  of  Mr.  Reynolds's  book  we  have  to  speak  in  terms  of  warm  connnendation."— 

yltheji(£tif}i. 

The  Engineer,  Fireman,  and  Engine-JBoy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN, 
and  ENGINE-BOY.  Comprising  a  Historical  Notice  of  the  Pioneer 
Locomotive  Engines  and  their  Inventors,  with  a  project  for  the  estab- 
lishment of  Certificates  of  Qualification  in  the  Running  Service  of  Rail- 
ways. By  Michael  Reynolds,  M  S.E.  With  numerous  Illustrations  and 
a  fine  Portrait  of  George  Stephenson.  Crown  8vo,  4s.  6d.  cloth. 
"From  the  technical  knowledge  of  the  author  it  will  appeal  to  the  railway  man  of  to-day 
more  forcibly  than  anything  written  by  Dr.  Smiles.  .  .  .  The  volume  contains  information  of  a 
technical  kind,  and  facts  that  every  driver  should  be  familiar  with."— £n£-/is/t  jUec/ianic: 

Stationary  Engine  Driving. 

STATIONARY  ENGINE  DRIVING  :  A  Practical  Manual 
for  Engineers  in  Charge  of  Stationary  Engines.  By  M.  Reynolds.  Third 
Edition,  Enlarged.   With  Plates  and  Woodcuts.    Cr.  8vo,  4s.  6rf.  cloth. 

"  The  author  is  thoroughly  acquainted  with  his  subjects,  and  his  advice  on  the  various 
points  treated  is  clear  and  practical.  .  .  .  He  has  produced  a  manual  whicli  is  an  exceedingly 
useful  one  for  the  class  for  whom  it  is  specially  intended." — Engineering;. 

"  Our  author  leaves  no  stone  unturned.  He  is  determined  that  his  readers  sliall  not  only 
know  something  about  the  stationary  engine,  but  all  about  it." — Engineer. 

Continuous  Itailway  Drakes. 

CONTINUOUS  RAILWAY  BRAKES:  A  Practical  Treatise 
on  the  several  Systems  in  Use  in  the  United  Kingdom;  their  Construction 
and  Performance.  With  copious  Illustrations  and  numerous  Tables. 
By  Michael  Reynolds.    Large  crown  8vo,  gs.  cloth. 

•  May  be  reconnnended  to  all  wlio  desire  to  study  the  subject  of  continuous  brakes."— 
Irott. 

Engine-Driving  Life. 

ENGINE-DRIVING  LIFE;  or,  Stirring  Adventures  and 
Incidents  in  the  Lives  of  Locomotive-Engine  Drivers.  By  Michael  Rey- 
nolds.   Ninth  Thousand.    Crown  8vo,  2S.  cloth. 

The  book  from  first  to  last  is  perfectly  fascinating.  Wilkie  Collins's  most  thrilling  con- 
ceptions arc  thrown  into  the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every 
page." — Korih  British  Mail. 

"  Anyone  who  wishes  to  get  a  real  insight  into  railway  life  cannot  do  better  than  read 
•  Engine-Driving  Life '  for  hhuself ;  and  if  he  once  take  it  up  he  will  find  that  the  author's 
enthusiasm  and  real  love  of  the  engine-driving  profession  will  carry  him  on  till  he  has  read 
every  page." — Saturday  Review. 

Pocket  Companion  for  Enginem^en. 

THE  ENGINEMAN'S  POCKET  COMPANION,  AND 
PRACTICAL  EDUCATOR  FOR  ENGINEMEN,  BOILER  ATTEN- 
DANTS AND  MECHANICS.  By  Michael  Reynolds,  Mem.  S.  E., 
Author  of  "  Locomotive  Engine-Driving,''  "  Stationary  Engine-Driving," 
&c.  With  Forty-five  Illustrations  and  numerous  Diagrams.  Royal  i8mo, 
3s.  6d.,  strongly  bound  in  cloth  for  pocKet  wear.  {jKst  published 
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Construction. 

THE  SCIENCE  OF  BUILDING  :  An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A.,  Architect. 
Second  Edition,  Revised,  with  58  Engravings.    Crown  8vo,  7s.  6d.  cloth. 

"  A  very  valuable  book,  which  we  strongly  recommend  to  all  students."— iJi/ZA/^v. 
"No  architectural  student  should  be  without  this  handbook  of  constructional  knowledge. 
— Architect. 

Useful  Text-Book  for  Architects. 

THE  ARCHITECT'S  GUIDE:  Being  a  Text-Book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors.  Clerks  of 
Works,  &c.,  &c.  By  Frederick  Rogers,  Architect.  Second  Edition,  Re- 
vised and  Enlarged.  With  numerous  Illustrations.  Crown  8vo,  6s. 
cloth. 

"As  a  text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c.,  it  would 
be  hard  to  find  a  handier  or  more  complete  little  volume." — Standard. 

"A  young  architect  could  hardly  have  a  better  guide-book."— 7Y;Hfe?-  Trades  Journal. 

Drawing  for  Builders  and  Students  in  Archi- 
tecture, 

PRACTICAL  RULES  ON  DRAWING,  for  the  Operative 
Builder  and  Young  Student  in  A  rchitecturc.  By  George  Pvne.  With  14 
Plates.   4to,  ys.  td.  boards. 

Tlte  House-Oivnei^'s  Estimator. 

THE  HOUSE-OWNER'S  ESTIMATOR ;  or,  What  will 
it  Cost  to  Build,  Alter,  or  Repair  ?  A  Price  Book  adapted  to  the  Use  of 
Unprofessional  People,  as  well  as  for  the  Architectural  Surveyor  and 
Builder.  By  the  late  James  D.  Simon,  A.R.I. B. A.  Edited  and  Revised 
by  Francis  T.  W.  Miller,  A.R.I. B. A.  With  numerous  Illustrations. 
Third  Edition,  Revised.  Crown  8vo,  3s.  6d.  cloth. 
In  two  years  it  will  repay  its  cost  a  hundred  times  over.  ' — Field, 
"  A  very  handy  book." — English  Mechanic. 

Designing,  Measuring,  and  Valuing. 

THE  STUDENTS  GUIDE  to  the  PRACTICE  of  MEASUR- 
ING AND  VALUING  ARTIFICERS'  WORKS.  Containing  Directions 
for  taking  Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities 
into  Bill,  with  Tables  of  Constants,  and  Copious  Memoranda  for  the 
Valuation  of  Labour  and  Materials.  With  8  Plates  and  63  Woodcuts. 
Originally  edited  by  Edward  Dobson,  Architect.  Fifth  Edition,  Revised, 
with  considerable  Additions,  by  E.  Wyndham  iTarn,  M.A.  Crown  Bvo, 
gs.  cloth. 

"  Well  fulfils  the  promise  of  its  title-pafife,  and  we  can  thoroughly  recommend  it  to  the 
class  for  whose  use  it  has  been  compiled.  Mr.  Tarn's  additions  and  revisions  have  much  in- 
creased the  usefulness  of  the  work,  and  have  especially  augmented  its  value  to  students."— 
J^ngineering. 

"  This  edition  will  be  found  the  most  complete  treatise  on  the  principles  of  measuring  and 
valuing  artificers'  work  that  has  yet  been  published." — Building  News. 

JfandbooJc  of  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS.  By  Professor 
T.  L.  Donaldson,  late  P.R.I. B. A.,  &c.  New  Edition.  In  One  large  Vol., 
8vo,  with  upwards  of  1,000  pages  of  Text,  and  33  Plates.  £1  lis.  6d. 
clotn. 
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l*oc7cet  Estimator. 

THE  POCKET  EST  IMA  TOR  for  the  BUILDING  TRADES. 
By  A.  C.  Beaton.  Third  Edition,  carefully  revised,  33  Woodcuts,  leather 
waistcoat-pocket  size,  is.  6rf. 

"  Contains  a  good  deal  of  information  not  easily  to  be  obtained  from  the  ordinary  price 
booics.    Tile  prices  g-iven  are  accurate,  and  up  to  dMQ. "—Buildincr  A'ews, 

HuiMer's  cC  Surveyor's  Pocket  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEAS- 
URER FOR  BUILDERS  AND  SURVEYORS.  By  A.  C.  Beaton. 
Second  Edition,  with  19  Woodcuts,  leather,  waistcoat-pocket  size,  is.  6(1. 

"  An  exceedingly  handy  pocket  companion,  thoroughly  reliable."— if«i7r/<;;  'i  Weekly  Re- 
forter. 

Brides  and  Tiles. 

THE  PRACTICAL  BRICK  AND  TILE  BOOK.  Com- 
prising: I.  A  Rudimentary  Treatise  on  Brick  and  Tile  Making,  by  Edward 
DoBsoN,  A.I.C.E.,  M.I.B.A.  II.  The  Rudiments  of  Practical  Bricklaying, 
by  Adam  Hammond.  III.  Brickwork:  APractical  Treatise  on  Bricklay- 
ing, Cutting  and  Setting,  by  F.  Walker.   lamo,  6s.  strongly  half-bound. 

lJust  Published. 


CARPENTRY,  TIMBER,  etc. 


Tredgold's  Carpentry,  Enlarged  by  E.  W.  Tarn. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 
A  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges, 
Roofs,  Uniting  Iron  and  Stone  with  Timber,  &c.  With  numerous  Tables 
of  the  Scantlings  of  Timber  for  different  purposes,  the  Specific  Gravities 
of  Materials,  &c.  By  Thomas  Tredgold,  C.E.  Seventh  Edition, 
thoroughly  Revised  and  considerably  Enlarged  by  E.  Wyndham  Tarn, 
M.A.  With  61  Plates,  Portrait  of  the  Author,  and  several  Woodcuts. 
In  one  large  Vol.,  410,  price  £1  5s.  cloth.  [_Jttst  published. 

"  Ought  to  be  in  every  architect's  and  every  builder's  library." — Builder. 
"Tredgold's  '  Elementary  Principles  of  Carpentry  '  is,  without  doubt,  the  standard  English 
.nutliority  upon  the  subject.    Mr.  Tarn,  by  supplementing  the  text  of  the  author,  adds  much 
lo  the  work,  and  makes  it  an  indispensable  addition  to  the  library  of  the  student,  the  archi- 
tect, and  the  tngmGGr."—BicildiH^  News. 

tV oodworking  Machinery. 

WOODWORKING  MACHINERY :  Its  Rise,  Progress,  and 
Construction.  Illustrated  with  Examples  of  Recent  Designs  by  leading 
English,  French,  and  American  Engineers.  By  M.  Powis  Balb, 
A.M.  Inst.  C.E.,  M.I.M.E.  Large  crown  8vo,  12s.  6rf.  cloth. 
"The  most  comprehensive  compendium  of  wood-working  machinery  we  have  seen.  The 
autlior  is  a  thorough  master  of  his  subject." — Building  News. 

Saiv  Mills. 

SAW  MILLS:  Their  Arrangement  and  Management,  and  the 
Economical  Conversion  of  Timber.  (Being  a  Companion  Volume  to  the 
above.)  By  M.  Powis  Bale,  A.M.  Inst.  C.E.,  M.I.M.E.  With  numerous 
Illustrations.   Crown  8vo,  los.  6rf.  cloth. 

■•  We  could  not  desire  a  more  complete  or  practical  Ue&l\s<:.'— Builder. 
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Carpentering. 

THE  CARPENTERS  NEW  GUIDE.  Comprising  all  the 
Elementary  Principles  essential  for  acquiring  a  knowledge  of  Carpentry. 
Founded  on  the  late  Peter  Nicholson's  Standard  Work.  A  New- 
Edition,  revised  by  Arthur  Ashpitel,  F.S.A.  Together  with  Practical 
Rtles  on  Drawing,  by  George  Pyne.    With  74  Plates,  4to,  £1  is.  cloth. 

Timher  MerchanPs  Companion. 

THE  TIMBER  MERCHANT'S  AND  BUILDER'S  COM- 
PA  NION.  Containing  New  and  Copious  Tables  of  the  Reduced  Weight 
and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from  One  to  a 
Thousand  Pieces,  and  the  relative  Price  that  each  size  bears  per  Lineal 
Foot  to  any  given  Price  per  Petersburg  Standard  Hundred;  the  Price 
per  Cube  Foot  of  Square  Timber  to  any  given  Price  per  Load  of  50  Feet, 
&c.,  &c.  Also  a  variety  of  other  valuable  information.  By  William 
Dowsing,  Timber  Merchant.  Third  Edition,  Revised  and  Corrected. 
Crown  8vo,  3s.  cloth. 

'•  We  are  glad  to  see  a  third  edition  of  these  admirable  tables,  which  for  correctnc;;s  and 
simplicity  of  arrangement  leave  nothing  to  be  desired."— Timder  Trades  yotirual. 

Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT.  Being  a 
Guide  for  the  use  ot  Building  Contractors,  Surveyors,  Builder.s,  &c., 
comprising  useful  Tables  for  all  purposes  connected  with  the  Timber 
Trade,  Marks  of  Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on 
the  Growth  of  Timber,  &c.  By  W.  Richardson.  Fcap.  8vo,  3s.  6(i.  cloth. 
"To  timber  merchants  or  users  this  compact  treatise  will  be  found  very  useful."— ///;r.f- 
trated  Carpenter. 

Tables  for  PacMng-Case  Makers. 

PACKING-CASE  TABLES;  showing  the  number  of  Super- 
ficial Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and  up- 
wards. By  W.  Richardson,  Timber  Broker.  Second  Edition.  Oblong 
4to,  3s.  dd.  cloth. 

"  Will  save  much  labour  and  calculation  to  makers  and  users  of  packing-cases."— Groav-. 
"Invaluable  labour-saving  ta.h\ei"— Ironmonger. 

Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT. Tables  calculated  from  i  to  200  inches  in  length,  by  1  to 
108  inches  in  breadth.  For  the  use  of  Architects,  Surveyors,  Engineers, 
Timber  Merchants,  Builders,  &c.  By  James  Hawkings.  Third  Edition. 
Fcap.,  3s.  6d.  cloth. 


MINING  AND  MINING  INDUSTRIES. 


Mining  in  the  United  Kingdom. 

BRITISH  MINING  :  A  Treatise  on  the  History,  Discovery, 
Practical  Development,  and  Future  Prospects  of  Metalliferous  Mines  in  the 
United  Kingdom.  By  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records  ; 
Editor  of  "  Ure's  Dictionary  of  Arts,  Manufactures,  and  Mines,"  &c. 
Upwards  of  950  pp.,  with  230  Illustrations.  Super-royal  8vo,  £3  3s.  cloth. 
"One  of  the  most  valuable  works  of  reference  of  modem  times,    Mr.  Hunt,  as  keeper  of 
mining  records  of  the  United  Kingdom,  has  had  opportunities  for  such  a  task  not  enjoyed  b\- 
anyone  else,  and  has  evidently  made  the  most  of  them.  .  .  .  The  language  and  style  adopte<t 
arc  good,  and  the  treatment  of  the  various  subjects  laborious,  conscientious,  and  scientific."— 
JzH^ineering-. 

"  A  mass  of  information  not  elsewhere  available,  and  of  the  greatest  value  to  those  who 
may  be  interested  in  our  great  mineral  industries."— /;«^!>if«-. 
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Coal  and  Iron. 

THE  COAL  AND  IRON  INDUSTRIES  OF  THE  UNITED 
KINGDOM.  Comprising  a  Description  of  the  Coal  Fields,  with  Returns 
of  their  Produce  and  its  Distribution,  and  Analyses  of  Special  Varieties. 
Also  an  Account  of  the  occurrence  of  Iron  Ores  in  Veins  or  Seams; 
Analyses  of  each  Variety ;  and  a  History  of  the  Rise  and  Progress  of  Pig 
Iron  Manufacture  since  the  year  1740.  By  Richard  Meade,  Assistant 
Keeper  of  Mining  Records.  With  Maps  of  the  Coal  Fields  and  Ironstone 
Deposits  of  the  United  Kingdom.  8vo,  £1  8s.  cloth. 
■'  The  book  is  one  which  must  find  a  place  on  the  shelves  of  all  interested  in  coal  and  iron 
production,  and  in  the  iron,  steel,  and  other  metallurgical  industries." — JSfij^ifieer. 

MetaUiferous  Minerals  and  Mining. 

TREATISE  ON  METALLIFEROUS  MINERALS  AND 
MINING.  By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c.  Author  of 
"A  Treatise  on  Slate  and  Slate  Quarrying."  Illustrated  with  numerous 
Wood  Engravings.  Third  Edition,  carefully  Revised.  Crown  8vo, 
I2S.  6d.  cloth. 

"  As  a  history  of  the  present  state  of  mining  througho\it  the  world  this  book  has  a  real 
value,  and  it  supplies  an  actual  want,  for  no  such  information  has  hitherto  been  brought 
together  within  such  limited  space." — AtJien<eitin. 

Earthij  Minerals  and  Mining. 

A  TREATISE  ON  EARTHY  AND  OTHER  MINERALS 
AND  MINING.  By  D.  C.  Davies,  E.G. S.  Uniform  with,  and  forming  a 
Companion  Volume  to  the  same  Author's  "Metalliferous  Minerals  and 
Mining."  With  76  Wood  Engravings.  Crown  8vo,  12s.  6d.  cloth. 
"  It  is  essentially  a  practical  work,  intended  primarily  for  the  use  of  practical  men.  ;  .  . 
We  do  not  remember  to  have  met  witli  any  English  work  on  mining  matters  that  contains  the 
same  amount  of  information  packed  in  equally  convenient  iotm."—Acaderny. 

Prospecting. 

THE  PROSPECTOR'S  HANDBOOK:  A  Guide  for  the 
Prospector  and  Traveller  in  Search  of  Metal-bearing  or  other  Valuable 
Minerals.  By  J.  W.  Anderson,  M. A.  (Camb.),  F.R.G.S.  Second  Edi- 
tion, Revised.  Small  crown  8vo,  3s.  6d.  cloth.  [J tut  published. 
'*  This  little  work  will  be  found,  we  think,  to  supply  a  much-felt  want,  especially  among 

Colonists  ;  it  will  also  afi'ord  aid  to  many  others  who  possess  a  taste  for  geological  research. 

The  book  is  the  best  of  its  kind." — Engineer. 

Underground  JPumjnng  Machinery. 

MINE  DRAINAGE.  Being  a  Complete  and  Practical 
Treatise  on  Direct-Acting  Underground  Steam  Pumping  Machinery, 
with  a  Description  of  a  large  number  of  the  best  known  Engines,  their 
General  Utility  and  the  Special  Sphere  of  their  Action,  &c.,  &c.  By 
Stephen  Michell.  8vo,  15s.  cloth. 
"  It  is  a  most  valuable  work,  and  stands  almost  alone  in  tile  literature  of  steam  pumping 
niachincry." — Colliery  Gttardtaji. 

Coal  3Iining. 

COAL  AND  COAL  MINING:  A  Rudimentary  Treatise  on. 
By  Warington  W.  Smyth,  M.A.,  F.R.S.,  &c.,  Chief  Inspector  of  the 
Mines  of  the  Crown.  Sixth  Edition,  Revised  and  Enlarged.  With 
numerous  Illustrations.    lamo,  4s.  cloth  boards.  [Just  published. 

"As  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  of 

the  principal  methods  of  working,  the  book  will  doubtless  interest  a  very  large  number  ot 

readers." — Mining  Journal. 


NAVAL  ARCHITECTURE,  NAVIGATION,  etc. 
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JPocket-JBooJc  for  Naval  Architects  Shipbuilders. 

THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S 
POCKET-BOOK  of  Formula',  Rules,  and  Tables,  and  Marine  Engineer's 
and  Surveyor's  Handy  Book  of  Reference.  By  Clement  Mackrow,  Mem- 
ber of  the  Institution  of  Naval  Architects,  Naval  Draughtsman.  Third 
Edition,  Revised.  With  numerous  Diagrams,  &c.  Fcap.,  12s.  6rf.  strongly 
bound  in  leather. 

"  Should  be  used  by  all  who  are  engagfed  in  the  construction  or  dcsigfn  of  vessels.  .  .  . 
Will  be  found  to  contain  the  most  useful  tables  and  fornuila^  rciiuired  by  shipbuilders,  care- 
fully collected  from  the  best  authorities,  and  put  together  in  a  popular  and  simple  form." — 
Engineer. 

"The  professional  shipbuilder  has  now,  in  a  convenient  and  accessible  form,  reliable  data 
or  solving  many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work." 
— Iron. 

"  There  is  scarcely  a  subject  on  which  a  naval  architect  or  shipliuilder  can  require  to  re- 
fresh his  memory  which  will  not  be  lound  within  the  covers  of  .Mr.  Mackrow's  book." — Ettgliili 
Mechanic. 

Pochet-Book  for  Marine  Engineers. 

A   POCKET-BOOK  OF  USEFUL  TABLES  AND  FOR- 
MULAE FOR  MARINE  ENGINEER:^.     By  Frank  Proctor,  A.I.N. A. 
Third  Edition.  Royal  32mo,  leather,  gilt  edges,  with  strap,  4s. 
"  A  most  useful  companion  to  all  marine  engineers." — Urdted  Service  Gazette, 

Marine  Engines,  Sc. 

MARINE  ENGINES  AND  STEAM  VESSELS  :  A  Treatise 
on.  By  Robert  Murray,  C.E.,  Principal  Officer  to  the  Board  of  Trade 
for  the  East  Coast  of  Scotland  District.  Eighth  Edition,  thoroughly 
Revised,  with  considerable  Additions,  by  the  Author  and  by  George 
Carlisle,  C.E.,  Senior  Surveyor  to  the  Board  of  Trade  at  Liverpool. 
i2mo,  55.  cloth  boards. 
"  As  a  compendious  and  useful  guide  to  engineers  of  our  mercantile  and  royal  naval  ser- 
vices, we  should  say  it  cannot  be  surpassed." — Building  News. 

Lighthouses. 

EUROPEAN  LIGHTHOUSE  SYSTEMS.  Being  a  Report 
of  a  Tour  of  Inspection  made  in  1873.  By  Major  George  H.  Elliot, 
Corps  of  Engineers,  U.S.A.  Illustrated  by  51  Engravings  and  31  Wood- 
cuts.   8vo,  21S.  cloth. 

Navigation  (Practical),  tvith  Tables. 

PRACTICAL  NAVIGATION.  Consisting  of  the  Sailor's 
Sea-Book,  by  James  Greenwood  and  W.  H.  Rosser  ;  together  with  the 
requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the 
Problems,  by  Henry  Law,  C.E.,  and  Professor  J.  R.  Young.  Illustrated. 
i2mo,  7s.  strongly  half-bound. 


The  following  books  on  Naval  Architecture,  etc.  arc  ptMished  in  Weale's 

Rudimentary  Series. 
MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS. 

By  Robert  Kipping,  N.A.  Fifteenth  Edition.  i2mo,  2s.  6d.  cloth  boards. 
SAILS  AND  SAIL-MAKING.    Eleventh  Edition,  Enlarged] 

with  an  Appendix.    By  Robert  Kipping,  N.A.    Illustrated.   i2mo,  3s. 

cloth  boards. 

NAVAL  ARCHITECTURE.      By    James    Peake.  Fifth 
Edition,  with  Plates  and  Diagrams.   lamo,  4s.  cloth  boards. 
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NATURAL  PHILOSOPHY  AND  SCIENCE. 


Dr.  LARDNER'S  HANDBOOKS  OF 
NATURAL  PHILOSOPHY. 

The  following  five  volumes,  though  each  is  complete  in  itself,  and  to  be 
purchased  separately,  form  A  Complete  Course  of  Natural  Philosophy. 
The  style  is  studiously  popular.  It  has  been  the  author's  aim  to  supply 
Manuals  for  the  Student,  the  Engineer,  the  Artisan,  and  the  superior  classes  in 
Schools. 

THE  HANDBOOK  OF  MECHANICS.  By  Dionysius  Lard- 
NER,  D.C.L..  formerly  Professor  of  Natural  Philosophy  and  Astronomy 
in  University  College,  London.  Enlarged  and  almost  Rewritten  by 
Benjamin  Loewy,  F.R.A.S.  With  378  Illustrations.  Post  8vo,  6s.  cloth. 
"  Mr.  Loewy  has  carefully  revised  the  book,  and  brought  it  up  to  modern  requirements." 
Saturc. 

The  HANDBOOK  of  HYDROSTATICS  AND  PNEUMATICS. 
By  Dr.  Lardner.    New  Edition,  Revised  and  Enlarged,  by  Benjamin 
Loewy,  F.R.A.S.   With  236  Illustrations.    Post  8vo,  5s.  cloth. 
'■  For  those  who  desire  to  obtain  an  .iccurate  Icnowledere  of  physical  science  without  the 

l.rofound  methods  of  mathematical  investigation,  this  work  is  not  merely  intended,  but  weU 

^ii.\s,ptetl."— Chemical  News. 

THE  HANDBOOK  OF  HEAT.    By  Dr.  Lardner.  Edited 
and  almost  entirely  Rewritten  by  Benjamin  Loewy,  F.R.A.S.,  &c.  117 
Illustrations.    Post  8vo,  6s.  cloth. 
"  The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving  any 

cloudiness  or  lurking  doubts  behind."— i:K^-!«i!<:««^. 

THE  HANDBOOK  OF  OPTICS.    By  Dr.  Lardner.  New 
Edition.   Edited  by  T.  Olver  Harding,  B.A.,  of  University  College, 
London.   With  298  Illustrations.    Small  8vo,  448  pages,  5s.  cloth. 
"  Written  by  one  of  tlie  ablest  English  scientific  writers,  beautifully  and  elaborate! j-  ilhis- 

t  mted."— Mechanics'  Magazine. 

THE  HANDBOOK  OF  ELECTRICITY,  MAGNETISM,  AND 
ACOUSTICS.  By  Dr.  Lardner.  Ninth  Thousand.  Edited  by  George 
Carey  Foster,  B.A.,  F.C.S.  With  400  Illustrations.  Small  8vo,  5s.  cloth. 
"The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to  preserve  the 

terse  and  lucid  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  liis  work  to  the 

present  state  of  scientific  knowledge."— PD/wtor  Science  Review. 


Dr.  Lai'clner's  HandhooJc  of  Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.  By  Dionysius 
Lardner,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and  As- 
tronomy in  University  College,  London.  Fourth  Edition,  Revised  and 
Edited  by  Edwin  Dunkin,  F.R.A.S.,  Royal  Observatory,  Greenwich. 
With  38  Plates  and  upwards  of  100  Woodcuts.  In  One  Vol.,  small  8vo, 
550  pages,  gs.  6d.  cloth. 
"  Probably  no  other  book  contains  the  same  amount  of  information  in  so  compendiou5 

.lud  well-arranged  a  form— certainly  none  at  the  price  at  wliich  tliis  is  oflered  to  the  public."— 

.  ithenceum. 

The  Bloivpipe. 

THE  BLOWPIPE  in  CHEMISTRY,  MINERALOGY,  AND 
GEOLOGY .    Containing  all  known  Methods  of  Anhydrous  Analysis, 
many  working  Examples,  and  Instructions  for  Making  Apparatus.  By 
Lieutenant  Colonel  W.  A.  Ross,  R.A.,  F.G.S.    With  120  Illustrations. 
Crown  8vo,  3s.  6d.  cloth. 
"  The  student  who  goes  conscientiously  through  tha  course  of  experimentation  here  laid 
down  will  gain  a  better  nisight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  'got 
np'  any  of  the  best  text-books  of  the  day,  and  passed  an.y  number  of  examinations  in  their 
.-imtents." — Chemical  News. 
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Electricity. 

A  MANUAL  OF  ELECTRICITY :  Including  Galvanism, 
Magnetism,  Dia-Magnetism,  Electyo-Dynamics,  Magno-EUctricity,  and  the 
Electric  Telegraph.  By  Henry  M.  Noad,  Ph.D.,  F.R.S.,  F.C.S.  Fourth 
Edition.   With  500  Woodcuts.   8vo,  £1  4s.  cloth. 

"  The  accounts  gfiven  of  electricity  and  galvanism  are  not  only  complete  in  a  scientific 
sense,  but,  which  is  a  rarer  thing,  are  popular  and  interesting'." — Lancet. 

Text-Booli  of  Electricity. 

THE  STUDENT 'S  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  Ph.D.,  F.R.S.,  F.C.S.  New  Edition,  carefully  Revised. 
With  an  Introduction  and  Additional  Chapters,  by  W.  H.  Preece, 
M.I.C.E.,  Vice-President  of  the  Society  of  Telegraph  Engineers,  &c. 
With  470  Illustrations.    Crown  8vo,  12s.  6rf.  cloth. 

"We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  range  of  subject,  a  good 
index,  and  a  plethora  of  woodcuts.    Such  a  collection  is  indispensable." — Athenceuvi. 

"  An  admirable  text-book  for  every  student — beginner  or  advanced— of  electricity." — 
En^ineerinsy. 


MATHEMATICS,  GEOMETRY,  TABLES,  etc. 


Practical  Mathematics. 

MA  THEM  A  TICS  FOR  PR  A  CTICA  L  MEN.  Being  a  Com  - 
mon-place  Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly  for 
the  Use  of  Civil  Engineers,  Architects,  and  Surveyors.  With  an  Ap- 
pendix of  copious  Logarithmic  and  other  Tables.  By  Olinthos  Greg- 
ory, LL.D.,  F.R.A.S.,  Enlarged  by  Henry  Law,  C.E.  4th  Edition, 
carefully  Revised  by  J.  R.  Young,  formerly  Professor  of  Mathematics, 
Belfast  College.    With  13  Plates,  8vo,  £1  is.  cloth. 

'*  The  engineer  or  architect  will  here  find  ready  to  his  hand  rules  for  solving  nearly  ever}- 
mathematical  difficulty  that  may  arise  in  his  practice.  The  rules  are  in  all  cases  explained  by 
means  of  examples  in  which  every  step  of  the  process  is  clearly  worked  out." — Builder. 

Metrical  Units  and  Systems,  etc. 

MODERN  METROLOGY :  A  Manual  of  the  Metrical  Units 
and  Systems  of  the  Present  Century.  With  an  Appendix  containing  a  pro- 
posed English  System.  By  Lowis  D'A.  Jackson,  A.M.  Inst.  C.E. ,  Author 
of  "Aid  to  Survey  Practice,"  &c.    Large  crown  8vo,  12s.  6(i.  cloth. 

"  For  exhaustive  tables  of  equivalent  weights  and  measures  of  all  sorts,  and  for  clear  de- 
monstrations of  the  eflects  of  the  various  systems  that  have  been  proposed  or  adopted,  Mr. 
Jackson's  treatise  is  without  a  rival." — Academy. 

Hie  MetHc  System. 

A   SERIES  OF  METRIC   TABLES,  in  which  the  British 
standard  Measures  and  Weights  are  compared  with  those  of  the  Metric 
System  at  present  in  Use  on  the  Continent.     By  C.  H.  Dovvling,  C.E. 
Second  Edition,  Revised  and  Enlarged.    8vo,  los.  6d.  strongly  bound. 
"  Their  accuracy  has  been  certified  by  Professor  Airy,  the  Astronomer-Royal."— .Si/j/rffr. 

Geometry  for  the  Architect,  Engineer,  etc. 

PRACTICAL   GEOMETRY,  for  the  Architect,  Engineer  and 
Mechanic.    Giving  Rules  for  the  Delineation  and  Application  of  various 
Geometrical  Lines,  Figures  aud  Curves.    By  E.  W.  Tarn,  M.A.,  Archi- 
tect.   Second  Edition.    With  Appendices  on  Diagrams  of  Strains  and 
Isometrical  Projection.    With  172  Illustrations,  demy  8vo,  9s.  cloth. 
"This  is  a  manual  for  the  practical  man,  whether  architect,  engineer,  or  mechanic.  . 
The  object  of  the  author  being  to  avoid  all  abstruse  formulfe  or  complicated  methods,  and  to 
enable  persons  with  but  a  moderate  knowledge  of  geometry  to  work  out  the  problems  ic- 
quired."— f{)t£-/ish  Mecltaitic. 
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Xumher  and  Weight  Calculator. 

THE  COMBINED  NUMBER  AND  WEIGHT  CALCU- 
LATOR. Containing  upwards  of  Two  Hundred  and  Fifty  Thousand 
separate  Calculations  showing  at  a  glance  the  value  at  421  different  rates, 
ranging  from  of  a  penny  to  20s.  each,  or  per  cwt.,  and  £20  per  ton,  of 
any  Number  of  Articles  consecutively,  from  1-470.  Any  number  ot 
cwts.,  qrs.,  and  lbs.,  from  i  cwt.  to  470  cwts.  Any  number  of  tons,  cwts., 
qrs.,  and  lbs.,  from  i  to  23^  tons.  For  the  use  of  Accountants  and 
Auditors,  Railway  Companies,  Canal  Companies,  Shippers,  Shipping 
Agents,  General  Carriers,  &c.,  Ironfounders,  Brass-founders,  Metal  Mer- 
chants, Iron  Manufacturers,  Ironmongers,  Engineers,  Machinists,  Boiler 
Makers,  Millwrights,  Roofing,  Bridge  and  Girder  Makers,  Colliery  Pro- 
prietors, &c.,  Timber  Merchants,  Builders,  i,,ontractors,  Architects,  Sur- 
veyors, Auctioneers,  Valuers,  Brokers,  Mill  Owners  and  Manufacturers, 
Mill  Furnishers,  Merchants,  and  general  Wholesale  Tradesmen.  By 
William  Chadwick,  Public  Accountant.  Imp.  8vo,  30s.  strongly  half- 
bound.  {_Just  published. 

Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR.  Being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  One  Reference  the 
exact  Value  of  any  Weight  from  i  lb.  to  15  tons,  at  300  Progressive  Rates, 
irom  irf.  to  i68s.  per  cwt,,  and  containing  i86,oco  Direct  Answers,  which, 
with  their  Combinations,  consisting  of  a  single  addition  (mostly  to  be 
performed  at  sight),  will  afford  an  aggregate  of  10,266,000  Answers  ;  the 
whole  being  calculated  and  designed  to  ensure  ccrrectness  and  promote 
despatch.  By  Henry  Harben,  Accountant,  Shetfield,  Author  of  "  The 
Discount  Guide."  An  entirely  New  Edition,  carefully  Revised.  Royal 
8vo,  strongly  half-bound,  £1  5s. 

"  A  practical  and  useful  work  of  reference  for  men  of  business  g^enerally  ;  it  is  the  best  of 
tlic  kind  we  have  seen.  We  have  frequently  been  asked  if  such  a  work  as  this  could  be 
oljtaiiicd,  and  therefore  refer  to  it  with  pleasure." — IronDioiiger. 

Comprehensive  Discount  Guide. 

THE  DISCOUNT  GUIDE.  Comprising  several  Series  of 
Tables  for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and 
others,  by  which  may  be  ascertained  the  exact  Profit  arising  from  any 
mode  of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  method  of  either  Altering  a  Rate  of  Discount  or  Advancing  a  Price, 
so  as  to  produce,  by  one  operation,  a  sum  that  will  realise  any  required 
profit  after  allowing  one  or  more  Discounts  ;  to  which  are  added  Tables 
of  Profit  or  Advance  from  i\  to  90  per  cent..  Tables  of  Discount  from  i| 
to  <j8f  per  cent.,  and  Tables  of  Commission,  &c.,  from  \  to  10  per  cent. 
By  Henry  Harben,  Accountant,  Author  of  "The  Weight  Calculator." 
New  Edition,  carefully  Revised  and  Corrected,  Demy  8vo,  544  pp.,  half- 
bound,  £1  5s. 

"All  these  tables  are  well  arranged  and  clearly  printed  ;  and  the  collection  will  be  found 
of  j;reat  value  in  those  businesses  for  which  tiie  book  has  been  especially  compiled." — 

Iron  and  3Ietal  Trades'  Calctdator. 

THE  IRON  AND  METAL  TRADES'  COMPANION.  Be- 
ing a  Calculator,  containing  a  Series  of  Tables  upon  a  New  and  Com- 
prehensive Plan,  for  expeditiously  ascertaining  the  Value  of  any  Goods 
bought  or  sold  by  Weight,  from  is.  per  cwt.  to  112s.  per  cwt.,  and  from 
one  farthing  per  pound  to  one  shilling  per  pound.  Each  Table  extends 
from  one  pound  to  100  tons.  To  which  are  appended  Rules  on  Decimals, 
Square  and  Cube  Root,  Mensuration  of  Superficies  and  Solids,  &c. ;  also 
Tables  of  Weights  of  Materials,  and  other  Useful  Memoranda.  By 
Thomas  Downie.  Strongly  bound  in  leather,  396  pp.,  gs. 
"  A  most  useful  set  of  tables,  and  will  supply  a  want,  for  nothing  like  them  before 
enisle'^  '  -SiiMi'i^  Nm  j. 


I? 


Iron  S/iij}buil(hrs'  and  Iron  Merchants'  Tables, 

IRON-PLATE  WEIGHT  TABLES:  For  Iron  Shipbuilders. 
Engineers  and  Iron  Merchants.  Containing  the  Calculated  Weights  of 
upwards  of  150,000  different  sizes  of  Iron  Plates,  from  i  loot  by  6  in.  by 
i  in.  to  10  feet  by  5  feet  by  i  in.  Worked  out  on  the  basis  of  40  lbs.  to  the 
square  foot  of  Iron  of  i  inch  in  thickness.  Carefully  Compiled  and 
thoroughly  Revised  by  H.  Burlinson  and  W.  H.  Simpson.  Oblong  4to 
255.  half-bound. 

"  This  work  will  be  found  of  great  utility.  The  authors  have  had  much  practical  experi- 
ence ot  what  IS  wanting  ni  making  estimates  ;  and  the  use  of  Che  book  will  save  much  time 
ui  making  elaborate  c.3.\zu.\aX\ons."—F.Hi;-liih  Mechanic. 


INDUSTRIAL  AND  USEFUL  ARTS. 


Klectro-Dc2)osition. 

ELECTRO-DEPOSITION :  A  Practical  Treatise  on  the 
Electrolysis  of  Gold,  Silver.  Copper,  Nickel,  and  other  .Metals,  and 
A  leys.  With  descriptions  of  Voltaic  Batteries,  Magneto-  and  Dynamo- 
Electric  Machines,  Thermopiles,  and  of  the  Materials  and  Processes 
used  in  every  department  of  the  Art ;  and  several  chapters  on  Electro- 
Metallurgy.  By  Alexander  Watt,  Author  of  "Electro-Metallurgy," 
';;^riie  Art  of  Soap-making,"  &c.,  &c.  With  numerous  Illustrations. 
Crown  8vo,  nearly  600  pp.,  12s.  6rf.  cloth.  [Just  pvMished. 

Soap-maluny, 

THE  ART  OF  SOAP-MAKING  :  A  Practical  Handbook  of  the 
Mannfacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  &c.  Including  many 
New  Processes,  and  a  Chapter  on  the  Recovery  of  Glycerine  from  Waste 
Leys.  By  Ale.xander  Watt,  Author  of  "  Electro-Metallurgy  Practically 
Treated,"  &c.  With  numerous  Illustrations.  Second  Edition,  carefully 
Revised.    Crown  8vo,  gs.  cloth.  [Just  published. 

"  The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the 

practical  soapboiler  who  wishes  to  understand  the  theory  of  his  M."~CheJ>ncal  JVeivs. 

"  Mr.  Watt's  book  is  a  thoroughly  practical  treatise  on  an  art  which  has  almost  no 

literature  111  our  languaf^c.    We  congratulate  the  author  on  the  success  of  his  endeavour  to  fill 

a  void  in  English  tei.hiiical  literature."— A'a/zw-s. 

Leather  Manufacture. 

THE  ART  OF  LEATHER  MANUFACTURE.  Being  a 
Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying,  and 
Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning  Ex- 
plained, and  many  Recent  Processes  introduced  ;  as  also  Methods  for  the 
Estimation  of  Tannin,  and  a  Description  of  the  Arts  of  Glue  Boiling,  Gut 
Dressing,  &o.  By  Alexander  Watt,  Author  of  "  Soap-Making,"  "  Elec- 
tro-Metallurgy," &c.  With  numerous  Illustrations.  Crown  8vo,  izs.  6d. 
cloth.  ij„st  published. 

"  Every  item  of  use  and  interest  to  the  leather  trade  has  been  touched  upon,  and  the 

descriptions  and  explanations  of  the  various  processes  are  exhaustively  given."— 7'aiitier-s'  and 

Curriers'  JoHrnal. 

Boot  and  Sltoe  Making. 

THE  ART  OF  BOOT  AND  SHOE-MAKING.  A  Practical 
Handbook,  including  Measurement,  Last-Fitting.  Cutting-Out,  Closing 
.and  .  Making,  with  a  Description  of  the  most  approved  Machinery  em- 
ployed. By  John  B.  Leno,  late  Editor  of  St.  Crispin,  and  The  Boot  and 
Shoe-Maker.    With  numerous  Illustrations.    Crown  Svo,  5.5.  cloth. 

[Just  published. 

"  A  very  complete  account  of  the  art  and  science  of  bootniaking.  whi-  h  includes  all  that 
need  Ije  said  about  leathers  and  other  materials,  as  well  as  about  hand-tools  and  the  various 
-.lachines  that  have  latterly  been  introduced  to  supplement  or  supersede  the  old-fashioned 
handiwork."— /K^yi/y  Dispatch. 

C 
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Dentistry. 

MECHANICAL  DENTISTRY:  A  Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Dentures.  Comprising  also 
Useful  Formulae,  T  ibles  and  Receipts  for  Gold  Plate  Clasps,  Solders, 
<&c.,&c.  By  Charles  Hunter.  Second  Edition,  Revised.  With  upwards 
of  100  Wood  Engravings.    Crown  8vo,  7s.  6d.  cloth. 

"An  authoritative  treatise.  .  .  .  We  can  strongly  reconimentl  Mr.  Hunter's  treatise  to  aU 
students  preparing  for  the  profession  of  dentistry,  as  well  as  to  every  mechanical  dentist.'  — 
Dublin  Journal  of  Dental  Scifnce. 

"A  work  in  a  concise  form  that  few  could  read  without  gaining  information  from.  — 
British  Journal  0/  Dental  Science. 

Breiving. 

A  HANDBOOK  FOR  YOUNG  BREWERS.  By  Herbert 
Edwards  Wright,  B./V.    Crown  8vo,  3s.  6d.  cloth. 

"This  little  volume,  containing  such  a  large  amount  of  good  sense  in  so  small  a  conip.-tcs, 
ought  to  recommend  itself  to  every  brewery  pupil,  and  many  who  have  passed  that  stage." — 
JJreivers'  Guardict)i. 

Electro'platinq ,  etc. 

ELECTROPLA  TING :  A  Practical  Handbook.    By  J.  W. 
Urquhart,  C.E.    With  numerous  Illustrations.    Crown  8vo,  55.  cloth. 
"  The  information  given  appe.ars  to  be  based  on  direct  personal  knowledge.    ...  Its 
science  is  sound  and  the  style  is  always  clear." — AtheJKjen^n. 

Electrotyping ,  etc. 

ELECTROTYPING  :  The  Reproduction  and  Mnliiplication  o 
Printing  Surfaces  and  Works  of  Art  by  the  Electro-deposition  of  Metals.  By 
J.  W.  Urquhart,  C.E.    Crown  8vo,5s.  cloth. 

"  In  this  work  the  author  enters  systematically  and  thoroughly  into  every  department  of 
the  process,  in  the  style  of  one  who  combines  theory  with  practice.  We  can  reconmiend  tins 
treatise,  not  merely  to  amateurs,  but  to  tliose  actually  engaged  \ni\\&U3.de."— Chemical  .\'eifs. 

Electric  lAghting. 

ELECTRIC  LIGHT :  Its  Production  and  Use.  Embodying 
Plain  Directions  for  the  Treatment  of  Voltaic  Batteries,  Electric  Lamps, 
and  Dynamo-Electric  Machines.  By  J.  W.  Urquhart,  C.E.,  Author  ot 
"Electroplating:  A  Practical  Handbook."  Edited  by  F.  C.  Webb. 
M.I.C.E.,  M.S.T.E.  Second  Edition,  Revised,  with  large  Additions  and 
128  Illustrations,   ys.  6d.  cloth. 

'•  The  book  is  by  far  the  best  that  we  have  yet  met  with,  on  the  suhject."—.^then<cian. 

Goldsmiths'  Work. 

THE  GOLDSMITH'S  HANDBOOK.  Containing  full 
Instructions  in  the  Art  of  Alloying,  Melting,  Reducing,  Colouring,  Col- 
lecting and  Refining.  The  processes  of  Manipulation,  Recovery  of  Waste, 
Chemical  and  Physical  Properties  of  Gold,  with  a  New  System  of  Mixing 
its  Alloys;  Solders, Enamels,  and  other  useful  Rules  and  Recipes,  &c. 
By  George  E.  Gee.  Third  Edition,  considerably  enlarged.  i2mo, 
3^.  6d.  cloth  boards. 

"  The  best  work  yet  printed  on  its  subject  for  a  reasonable  price.  We  have  no  doubt  that 
it  will  speedily  become  a  standard  book  which  few  will  care  to  be  wMwul."— Jeweller  and 
Metal-worker. 

Silversmiths'  W orlc. 

THE  SILVERSMITH'S  HANDBOOK.  Containing  full 
Instructions  for  the  Alloying  and  Working  of  Silver,  including  the 
different  modes  of  Refining  and  Melting  the  Metal,  its  Solders,  the  Pre- 
paration of  Imitation  Alloys,  Methods  of  Manipulation,  &c.,  &c.  By 
George  E.  Gee,  Jeweller,  &c.  Second  Edition,  Revised,  with  numerous 
Illustrations.    i2mo,  3s.  6a!.  cloth  boards. 

"  The  chief  merit  of  the  work  is  its  practical  character.  .  .  .  The  workers  in  the  trade 
will  speedily  discover  its  merits  w  hen  they  sit  down  to  study  it."— JSnjjlish  Mechanic. 

*.*  The  two  preceding  Works,  in  One  handsome  Vol.,  half-bound,  entitled 
"The  Goldsmith's  and  Silversmith's  Complete  Handbook,"  ys. 

ljust  published. 


CHEMICAL  MANUFACTURES  AND  COMMERCE,  ig 


CHEMICAL  MANUFACTURES  AND  COMMERCE. 


Alkali  Trade,3Ianufacture  of  Sul2>h/iiric  Acid,etc. 

A  MANUAL  OF  THE  ALKALI  T/JyiDE,  including  the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.  By  John  Lomas,  Alkali  Manufacturer,  Newcastle-upon-Tyne 
and  London.  With  232  Illustrations  and  Working  Drawings,  and  con- 
taining nearly  400  pages  of  Text.  Second  Edition,  with  Additions.  Super- 
royal  8vo,  30S.  cloth. 

"The  author  lias  given  the  fullest,  most  practical,  and,  to  all  concerned  in  the  alkali  trade, 
most  valuable  mass  of  information  that,  to  our  knowledge,  has  been  published  in  any 
auage."— Engineer. 

"  The  book  is  written  by  a  manufacturer  for  manufacturers.  Every  step  in  the  manufac- 
ture is  very  fully  described  in  this  manual,  and  each  improvement  explained.  Everythinff 
which  tends  to  introduce  economy  into  the  technical  details  of  this  trade  receives  the  fullest 
■MtevLlion."—AlheHtBiim. 

Alkali  Tables. 

ALKALI  TABLES  :   A  Ready  Reckoner  for  the  use  of 

Chemical  Merchants,  Manufacturers  and  Brokers.  By  Oswin  Bell. 

Second  Edition.  32010,  is.  Paper  wrapper.  [Just  published. 

Commercial  Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  OF  CHEMICAL  AN- 
ALYSIS: or,  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufactures,  in 
Trades,  and  in  the  Arts.  By  A.  Normandy.  New  Edition,  Enlarged  and 
to  a  great  extent  Re-written,  by  Henry  M.  Noad,  Ph.D.,  F.R.S.  With 
numerous  Illustrations.  Crown  8vo,  12s.  6rf.  cloth. 
"  Essential  to  the  analysts  appointed  under  the  new  Act.  The  most  recent  results  are 
j;iven,  and  the  work  is  well  edited  and  carefully  written." — Nature. 

D]fe-Wares  and  Colours. 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES  : 
Their  Properties,  Applications,  Valuation,  Impurities,  and  Sophistications. 
For  the  use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.  By  J.  W. 
Slater.  Second  Edition,  Revised  and  greatly  Enlarged.  Crown  8vo, 
ys.  Old.  cloth. 

"Practical  dyers,  &c.,  will  welcome  the  work  in  its  improved  form.  There  is  no  other 
work  in  the  languagfe  which  covers  precisely  the  same  ground.  To  technological  students 
preparin.^  for  examinations  in  dyeing  and  printing  it  will  prove  exceedingly  useful." — 
Cliemical  \'e-ws. 


AUCTIONEERING,  ESTATE  AGENCY,  etc. 


Auctioneer's  Assistant. 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 
AND  ESTATE  AGENT  AND  VALUER'S  POCKET  ASSISTANT, 
for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities 
and  Reversions,  and  of  property  generally;  with  Prices  for  Inventories, 
&c.  By  John  Wheeler,  Valuer,  &c.  Fifth  Edition,  Re-written  and 
.i;rcatly  Extended  by  C.  Norris,  Surveyor,  Valuer,  &c.  Royal  32mo, 
S.').  cloth. 

"Cram  full  of  valuable  information  of  practical  value.   It  is  a  trustworthy  and  compen- 

dioiK^  guide  to  a  1  sorts  of  va\iiation."~//isi(ranci  A^etii. 


AUCTIONEERING,  ESTATE  AGENCY,  etc. 


Auctioneering. 

AUCTIONEERS:  Their  Duties  and  Liabilities.  By  Robert 
Squibbs,  Auctioneer.    Demy  8vo,  los.  6d.  cloth, 

"The  position  and  duties  of  auctioneers  are  treated  compendiously  and  clearly."— 
JluiMer. 

"  Every  auctioneer  ought  to  possess  a  copy  of  this  excellent  vioxk."—I>-oiuno>ij^er. 

House  Property, 

HANDBOOK  OF  HOUSE  PROPERTY:  A  Popular  and 
Practical  Guide  to  the  Purchase,  Mortgage,  Tenancy  and  Compulsory  Sale 
of  Houses  and  Land.  By  E.  L.  Tarbuck,  Architect  and  Surveyor. 
Fourth  Edition,  Revised  and  Enlarged.  [In  preparation. 

"  The  advice  is  thoroughly  practical." — Lmv  Journal. 

"  This  is  a  well-written  and  thoughtful  work.  We  commend  the  work  to  the  careful  study 
cf  all  interested  in  questions  arfecting  houses  and  \sxv6.."— Land  Assents'  Rtcord. 

Inwood's  Estate  Tables. 

TABLES  FOR  THE  PURCHASING  OF  ESTATES,  Free- 
hold, Copyhold,  or  Leasehold  ;  Annuities,  AdvoiDSons,  &c. ;  together  with 
Smart's  Five  Tables  of  Compound  Interest,  and  an  Extension  of  the 
same  to  Lower  and  Intermediate  Rates.  By  W.  Inwood.  22nd  Edition, 
\vith  considerable  Additions,  and  new  and  valuable  Tables  of  Logarithms 
for  the  more  Difficult  Computations  of  the  Interest  of  Money,  Discount, 
."Annuities,  &c.,  by  M.  Fedor  Thoman,  of  the  Societe  Credit  Mobilier  ot 
Paris.    i2mo,  8s.  cloth. 

"  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of  com- 
pensation cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c.,  will  find  the 
present  edition  of  eminent  service." — Engineering;: 

A  Com2)lete  Ejntoine  of  the  Laivs  of  this  Country. 

EVERY  MAN'S  OWN  LAWYER:  A  Handy-book  of  the 
Principles  of  Law  and  Equity.  By  A  Barrister.  Twenty-fourth  Edition, 
carefully  revised  and  brotight  down  to  the  end  of  the  last  Session  (1886), 
includmg  Summaries  of  the  latest  Statute  Laws.  With  Notes  and  Re- 
ferences to  the  Authorities.  Crown  8vo,  price  6s.  8d.  (saved  at  every 
consultation),  strongly  bound  in  cloth. 

Comprising  THE  RIGHTS  AND  WRONGS  OF  INDIVIDUALS— MERCANTILE  AND  COM- 
mercial law— criminal  law— parish  law— county  court  law— game  and 
Fishery  Laws— Poor  Men's  Lawsuits— the  Laws  of  Bankruptcy— Bets  and 

WAGERS— CHEOUES,  BILLS,  AND  NOTES— CONTRACTS  AND  AGREEMENTS— COPY- 
RIGHT—ELECTfoNS  AND  REGISTRATIONS  — INSURANCE  — Libel  AND  SLANDER- 
MARRIAGE  AND  DIVORCE— MERCHANT  SHIPPING— MORTGAGES— SETTLEMENTS- 
STOCK  EXCHANGE  PRACTICE— TRADE  MARKS  AND  PATENTS— TRESPASS— NUIS- 
ANCES, &C.— TRANSFER  OF  LAND,  &c.— WARRANTY— WILLS  AND  AGREEMENTS,  &C.&C. 

Also,  Law  for  Landlord  and  Tenant— Master  and  Servant — Workmen  and  Apprentices— 
Heirs— Devisees  and  Legatees — Husband  and  Wife  — Executors  and  Trustees— Guardian  and 
Ward — Married  Women  and  Infants— Partners  and  Agents— Lender,  Borrower  and  Sureties 
—Debtor  and  Creditor — Purchaser  and  Vendor — Companies  and  Associations— Friendly 
Societies — Clergymen  —  Churchwardens  —  Medical  Practitioners,  &c.— Bankers— Farmers — 
Contractors  —  Stock  and  Share  Brokers— Sportsmen —  Gamekeepers  —  Farriers  and  Horse 
Dealers— Auctioneers— House  Agents— Innkeepers,  &c.— Bakers— Millers,  Src— Pawnbrokers 
—Surveyors— Railways  and  Carriers— Constables— Seamen— Soldiers,  &c.,  &c. 

Opinions  of  the  Press. 

'•  No  Englishman  ought  to  be  tvithout  this  book.  .  .  .  Any  person  perfectly  uninformed 
on  legal  matters,  who  may  require  sound  information  on  unknown  law  points,  will,  by  reference 
to  this  book,  acquire  the  necessary  information,  and  thus  on  many  occasions  save  the  expense 
and  loss  of  time  of  a  visit  to  a  \2myf!."—E:>igineer. 

"It  s  a  complete  code  of  English  Law,  written  in  plain  language,  which  all  can  under- 
stand. .  .  .  Should  be  in  the  hands  of  every  business  man,  and  all  who  wish  to  abolish  lawyers' 
bills." — Weekly  Times. 

"  A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care.'  —Law 
Magazine. 

"  What  it  professes  to  be— a  complete  epitome  of  the  laws  of  this  country,  thoroughly 
intelligible  to  non-professional  readers.  The  book  is  a  handy  one  to  have  in  read  iness  when 
some  knotty  point  requires  ready  i,o.M\on."— Bell's  Li/c. 


London,  1862. 
Philadelphia,  1876. 
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CIVIL  ENGINEERING,  SURVEYING,  etc. 

31.  Wells  and  Well-Sinking.     By  John  George 

Swindell,  A.R.LB.A.,  and  G.  R.  Burneli,,  C.E.  Revised  Edition. 
W ith  a  New  Appendix  on  the  Qualities  of  Water.    Illustrated.  2s. 

35-  The  Blasting  and  Quarrying  of  Stone,  for  Build- 
ing and  other  Purposes.  With  Remarks  on  the  Blowing  up  of 
Bridges.  By  Gen.  Sir  John  Burgoyne,  Bart.,  K  C.B.  Illustrated. 
IS.  td. 

43.  Tubular,  and  other  Iron  Girder  Bridges,  par- 

ticularly describing  the  Britannia  and  Conway  Tubular  Bridges. 
By  G.  Drysdale  Dempsey,  C.E.    Fourth  Edition.  2S. 

44.  Foundations  and  Concrete  Works,  with  Prac- 

tical Remarks  on  Footings,  Sand,  Concrete,  Be'ton,  Pile-driving, 
Caissons,  and  Cofferdams,  &c.  By  E.  Dobson.  Fifth  Edition,  is.  6rf. 

60.  Land  and  Engineering  Surveying.  By  T.  Baker, 

C.E.    New  Edition,  revised  by  Edward  Nugent,  C.E.  zs.X 

Zo*. Embanking  Lands  from  the  Sea.  With  Examples 

and  Particulars  of  actual  Embankments,  &c.  By  J.  Wiggins, 
F.G.S.  2S. 

81.  Water  Works,  for  the  Supply  of  Cities  and  Towns. 

With  a  Description  of  the  Principal  Geological  Formations  of 
England  as  influencing  Supplies  of  Water ;  and  Details  of  Engines 
and  Pumping  Machinery  for  raising  Water.  By  Samuel  Hughes, 
F.G.S.,  C.E.    New  Edition.  43.} 
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Civil  Engineering,  etc.,  continued. 

1 1 8.  OiuH  Engineering  in  North  America,  A  Sketch 

ol.  By  David  Stevenson,  F.R.S.E.,  &c.  Plates  and  Diagrams.  3s. 

167.  Iron  Bridges,  Girders,  Roofs,  and  otiier  Woriis. 

By  Francis  Campin,  C.E.   2s.  6d.J 

X97.  Roads  and  Streets  (tfie  Construction  of).  By 

Henry  Law,  C.E.,  revised  and  enlarged  by  D.  K.  Clark,  C.E.,  in- 
cluding Pavements  of  Stone,  Wood,  Asphalte,  &c.    4s.  6d.l 

203.  Sanitary  Worii  in  the  smaller  Towns  and  in 

Villages.    By  C.  Slagg,  A.M.I.C.E.    Revised  Edition.   3s.  | 

212.  Gasworks,  their  Construction  and  Arrange- 

ment ;  and  the  Manufacture  and  Distribution  of  Coal  Gas. 
Originally  written  by  Samuel  Hughes,  C.E.  Re-written  and 
enlarged  by  William  Richards,  C.E.  Seventh  Edition,  with  im- 
portant additions.    55.  6rf.+ 

213.  Pioneer  Engineering.  A  Treatise  on  the  Engineer- 

ing Operations  connected  with  the  Settlement  of  Waste  Lands  in 
New  Countries.    By  Edward  Dobson,  Assoc.  Inst.  C.E.   4s.  6d.+ 

216.  Materials  and  Construction  :  A  Theoretical  and 

Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of  Works 
of  Construction.  By  Francis  Campin,  C.E.  Second  Edition, 
revised.    35.  t 

219.  Ciuil  Engineering.    By  Henry  Law,  M.Inst.C.E. 

Including  Hydraulic  Engineering,  by  Geo.  R.  Burnell, M.Inst. 
C.E.  Seventh  Edition,  revised,  with  large  additions  by  D.  Kinnear 
Clark,  M.Inst.  C.E.   6s.  dd. ;  cloth  boards,  7s.  6d. 


MECHANICAL  ENGINEERING,  etc. 


33.  Cranes,  the  Construction  of,  and  other  Machinery 

for  Raising  Heavy  Bodies.  By  Joseph  Glynn,  F.R.S.  Illustrated. 
IS.  6d. 

34.  The  Steam  Engine.  By  Dr.  Lardner.  Illustrated. 

IS.  6d. 

59.  Steam  Boilers  :  Their  Construction  and  Manage- 
ment.  By  R.  Armstrong,  C.E.    Illustrated,   is.  6d. 

82.  The  Power  of  Water,  As  AppUed  to  Drive  Flour 

Mills,  and  to  Give  Motion  to  Turbines,  &c.  By  Joseph  Glynn, 
F.R.S.  2S.: 

98.  Practical  Mechanism,   the  Elements  of;  and 

Machine  Tools.  By  T.  Baker,  C.E.  With  Additions  by  J.  Nasmyth, 
C.E.  2s.6d4 

139.  The  Steam  Engine,  A  Treatise  on  the  Mathemati- 
cal Theory  of,  with  Rules  and  Examples  for  Practical  Men.  By 
T.  Baker,  C.E.    is.  6d. 

164.  Modern  Worlishop  Practice,  as  Applied  to  Marine, 

Land,  and  Locomotive  Engines,  Floating  Docks,  Dredging 
Machines,  Bridges,  Cranes,  Ship-building,  &c.,  &c.  By  J.  G. 
WiNTON.    Illustrated.  3S.I 
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Mechanical  Engineering,  etc.,  continued. 

165.  Iron  and  Heat,  exhibiting  the  Principles  concerned 

in  the  Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders, 
and  the  Action  of  Heat  in  the  Smelting  Furnace.  By  J.  Armour, 
C.E.  2S.6d.l 

166.  Power  in  Motion:  Horse-Power,  Toothed-Wheel 

Gearing,  Long  and  Short  Driving  Bands,  and  Angular  Forces.  By 
J.  Armour.    2s.  6d/^ 

i-ji.  The  Workman's  l^anual  of  Engineering  Drawing. 

ByJ.  Maxton.  6th  Edition.  With  7  Plates  and  350  Cuts.  3s.  6rf.t 

190.  Steam  and  the  Steam  Engine,  Stationary  and 

Portable.    By  John  Sewell  and  D.  K.  Clark,  M.I.C.E.    ss.  6d.t 

200.  fi/e/ ;  Its  Combustion  and  Economy.    By  C.  W. 

Williams.  With  Recent  Practice  in  the  Combustion  and  Economy 
of  Fuel— Coal,  Coke,  Wood,  Peat,  Petroli-utn,  &c.  ByD.  K.Clark, 
M.I. C.E.   Third  Edition,  Revised.    3s.  6rf.t  [Just  published . 

202.  Locomotiue  Engines.    By  G.  D.  Dempsey,  C.E. 

With  large  Additions  by  D.  Kinnear  Clark,  M.I. C.E.    3s. t 

2TI.  The  Boilermaker's  Assistant  in  Drawing,  Tem- 

plating,  and  Calculating  Boiler  and  Tank  Work.  By  John  Court- 
ney, Practical  Boiler  Maker.  Edited  by  D.  K.  Clark,  C  E.  100 
Illustrations.  2S. 

217.  Sewing  Machinery:  Its  Construction,  History, 

&c.,  with  Full  Technical  Directions  for  Adjusting,  &c.  By  J.  W. 
Urquhart,  C.E.  2S.I 

223.  Mechanical  Engineering.  Comprising  Metallurgy, 

Moulding,  Casting,  Forging,  Tools,  Workshop  Machinery,  Manufac- 
ture of  the  Steam  Engine,  &c.    By  Francis  Campin,  C.E.  2s.6d.t 

236.  Details  of  Machinery.    Comprising  Instructions 

for  the  Execution  of  various  Works  in  Iron.  By  Francis  Cammn, 
C.E.  3S.: 

237.  The  Smithy  and  Forge;  Including  the  Farrier's 

Art  and  Coach  Smithing.  By  W.  J.  E.  Crane.  Illustrated.  2S.6d.t 

238.  The  Sheet-Metal  Worker's  Guide  :  A  Practical 

Handbook  for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.  With 
94  Diagrams  and  Working  Patterns.    By  W.  J.  E.  Crane,    is.  6d. 

251.  Steam  and  Machinery  Management :  With  Hints 

on  Construction  and  Selection.  By  M.  Powis  Bale,  M.I.M.E.  2S.6d.X 

254.  The  Boilermaker's  Ready-Reckoner.    With  Ex- 

amples of  Practical  Geometry  and  Templating.  By  John  Courtney. 
Edited  by  D.  K.  Clark,  M.Inst. C.E.   4s.  limp  ;  5s.  half-bound. 

255.  Locomotive  Engine-Driuing.  A  Practical  Manual 

for  Engineers  in  charge  of  Locomotive  Engines.  By  Michael 
Reynolds,  M.S.E.  Seventh  Edition.  3s.  6d.  limp;  4s.  6(i.  cloth 
boards.  [Just  published. 

256.  Stationary  Engine-Driving.    A  Practical  Manual 

for  Engineers  in  charge  of  Stationary  Engines.  By  Michael 
Reynolds,  .M.S.E.    Third  Edition.    3s.  6d.  limp;  4s.  6d.  cloth. 

[Just  published. 
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MINING,  METALLURGY,  etc. 


4-  Mineralogy,  Rudiments  of :  A  Concise  View  of  the 

General  Properties  of  Minerals.  By  A.  Ramsay,  F.G.S.,  F.R.G.S.. 
&c.    Third  Edition,  revised  and  enlarged.    Illustrated.   3s.  6d.t 

[Just  ptiblishaf, 

117.  Subterraneous  Surveying,  Elementary  and  Prac- 
tical Treatise  on,  with  and  without  the  Magnetic  Needle.  By 
Thomas  Fenwick,  Surveyor  of  Mines,  and  Thomas  Baker,  C.E. 
Illustrated.   2S.  6d. 

133.  Metallurgy  of  Copper  :  An  Introduction  to  the 

Methods  of  Seeking,  Mining,  and  Assaying  Copper,  and  Manufac- 
turing its  Alloys.  By  Robert  H.  LAMBORN.Ph.D.  Woodcuts.  2s.  erf. t 

135.  Electro-Metallurgy,    Practically    Treated.  By 

Alexander  Watt,  F.R.S.S.A.  Eighth  Edition,  revised,  vsith 
additional  Matter  and  Illustrations,  including  the  most  recent  Pro- 
cesses.   3s. I 

172.  Mining  Tools,  Manual  of.    For  the  Use  of  Mine 

Managers,  Agents,  Students,  &c.    By  William  Morgans.  ■zs.td.X 

1^2*. Mining  Tools,  Atlas  of  Engravings  to  Illustrate 

the  above,  containing  235  Illustrations,  drawn  to  Scale.  4to.  4s.erf. ; 
cloth  boards,  is. 

T76.  Metallurgy  of  Iron.    Containing  History  of  Iron 

Manufacture,  Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Pro- 
cesses of  Manufacture  of  Iron  and  Steel,  &c.  By  H.  Bauerman, 
F.G.S.    Fifth  Edition,  revised  and  enlarged.    5s.  J 

180.  Coal  and  Coal  Mining.     By  Warington  W. 

Smyth,  M.A.,  F.R.S.  Sixth  Edition,  revised.  3s.  Crf.J  [Just published. 

195.  The  Mineral  Surveyor  and  Valuer's  Complete 

Guide,  with  New  Traverse  Tables,  and  Descriptions  of  Improved 
Instruments;  also  the  Ccrrect  Principles  of  Laying  out  and  Valu- 
ing Mineral  Properties.  By  William  Lintern,  Mining  and  Civil 
Engineer.    3s.  6d.l 

214.  Slate  and  Slate  Quarrying,  Scientific,  Practical 

and  Commercial.  By  D.  C.  Davies,  F.G.S. ,  Mining  Engineer,  &c. 

2  20.  Magnetic  Surveying  and  Angular  Surveying, 

with  Records  of  the  Peculiarities  of  Needle  Disturbances.  Com- 
piled from  the  Results  of  carefully  made  Experiments.  By  W. 
Lintern.  2S. 


ARCHITECTURE,  BUILDING,  etc. 

16.  Architecture  —  Orders — The  Orders  and  their 

yEslhetic  Principles.    By  W.  H.  Leeds.    Illustrated,    is.  6d. 

17.  Architecture — Styles — The  History  and  Descrip- 

tion of  the  Styles  of  Architecture  of  Various  Countries,  from  the 
Earliest  to  the  Present  Period.    By  T.  Talbot  Bury,  F.R.I.B  A., 
&c.    Illustrated.  2s. 
■*,*  Orders  and  Styles  of  Architecture,  in  One  Vol.,  3s.  dd. 
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18.  Architecture— Design— Tht  Principles  of  Design 

in  Architecture,  as  deducible  from  Nature  and  exemplified  in  the 
Works  of  the  Greek  and  Gothic  Architects.    By  E.  L.  Garbett, 
Architect.    Illustrated.    2S.  6rf. 
***  The  three  preceding  Works,  in  One  handsome  Vol.,  half  bound,  entitled 
"Modern  Architecture,"  price  6s. 

2  2.  The  Art  of  Building,  Rudiments  of.  General 

Principles  of  Construction,  Materials  used  in  Building,  Strength 
and  Use  of  Materials,  Working  Drawings,  Specifications,  and 
Estimates.    By  E.  Dobson.  2s.X 

25.  l\/lasonrg  and  Stonecutting  Rudimentary  Treatise 

on  the  Principles  of  Masonic  Projection  and  their  application  to 
Construction.    By  Edward  Dobson,  M.K.I. B.A.,  &c.  2s.6d.t 

42.  Cottage  Building.  By  C.  Bruce  Allen,  Architect. 

Tenth  Edition,  revised  and  enlarged,  with  a  Chapter  on  Economic 
Cottages  for  Allotments  by  Edward  E.  Ai.len,  C.E.  2s. 

45-  Limes,  Cements,  Mortars,  Concretes,  Mastics, 

Plastering,  &c.  By  G.  R.  Burneli.,  C.E.  Twelfth  Edition,    is.  6d. 

57.  Warming  and  Ventilation.    An  Exposition  of 

the  General  Principles  as  applied  to  Domestic  and  Public  Buildings, 
Mines,  Lighthouses,  Ships,  &c.  By  C.  Tomlinson,  F.R.S.,  &c. 
Illustrated.  3s. 

III.  Arches,  Piers,  Buttresses,  &c.  :  Experimental 

Essays  on  the  Principles  of  Construction.  By  W.  Bland.  Illus- 
trated.   IS.  6d. 

116.  The  Acoustics  of  Public  Buildings;  or,  The 

Principles  of  the  Science  of  Sound  applied  to  me  purposes  of  the 
Architect  and  Builder.  By  T.  Roger  Smith,  M.R.I.B.A.,  Architect. 
Illustrated,    is.  6d. 

127.  Architectural  Modelling  in  Paper,  the  Art  of. 

By  T.  A.  Richardson,  Architect.    Illustrated,    is.  bd. 

1 28.  Vitruvius—the  Architecture  of  Marcus  l/itruuius 

Polio.  In  Ten  Books.  Translated  from  the  Latin  by  Joseph  Gwilt. 
F.S.A.,  F.R.A.S.    With  23  Plates.  55. 

130.  Grecian  Architecture,  An  Enquiry  into  the  Prin- 
ciples of  Beauty  in  ;  with  an  Historical  View  of  the  Rise  and  Pro- 
gress ot  the  Art  in  Greece.    By  the  Earl  ov  Aberdeen,  is. 
The  two  preceding  Works  in  One  handsome  Vol.,  half-bound,  entitled 
"Ancient  Architecture," /in'cc  6s. 

132.  The  Erection  of  Dwelling-Houses.   Illustrated  by 

a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a  pair  of 
Semi-detached  Villas,  with  the  Specification,  Quantities,  and 
Estimates,  &c.    By  S.  H.  Brooks.    New  Edition.  '2s.  61/.: 

156.  Quantities  and  Measurements,  How  to  Calculate 

and  Take  them  in  Bricklayers',  Masons',  Plasterers',  Plumbers', 
Painters',  Paperhangers'.Gilders',  Smiths'.Carpenters',  and  Joiners' 
Work.  By  A.  C.  Heaton,  Architect  and  Surveyor.  New  and  En- 
larged Edition.    Illustrations,    is.  5rf. 
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175-  Lockwood  &  Co.'s  Builder's  and  Contractor's 

Price  Book,  containing  the  latest  Prices  of  all  kinds  of  Builders' 
Materials  and  Labour,  and  of  all  Trades  connected  with  Building, 
&c.,&c.  Edited  by  F.T.  W.  Miller,  Architect.  Published  Annually. 
3S.  6rf.  ;  half-bound,  4s. 

1 82.  Carpentry  and  Joinery— Tn^  Elementary  Prin- 
ciples OF  Carpentry.  Chiefly  composed  from  the  Standard 
Work  of  Thomas  Tredgold,  C.E.  With  Additions,  Alterations, 
J  ^^^I'xVSP^  f"""™  the  Works  of  the  most  Recent  Authorities. 
^u^^-^^^^'^  ON  JOINERY  by  E.  Wyndham  Tarn,  M.A. 
±;ourtti  Edition,  Revised  and  Extended,  with  numerous  Illustra- 
tions.   3s.  6d.X 

182*. Carpentry  and  Joinery.    Atlas  of  35  Plates  to 

Accompany  the  above.    With  Descriptive  Letterpress.   4to,  6s. 

185.  The  Complete  Measurer;  The  Measurement  of 

Boards,  Glass,  &c.  ;  Unequal-sided,  Square-sided,  Octagonal-sided, 
Kound  Timber  and  Stone,  and  Standing  Timber,  &c.  By  Richard 
HORTON.    Fifth  Edition.   4s. ;  strongly  bound  in  leather,  5s. 

187.  Hints  to  Voung  Architects.    By  G.  Wightwick. 

New  Edition.    By  G.  H.  Guillaume.    Illustrated,   ^s.  6d.t 

188.  House  Painting,  Graining,  Marbling,  and  Sign 

Wnttng :  A  Practical  Manual  of,  with  a  Course  of  Elementary 
Drawing  for  House-Painters,  Sign-Writers,  &c.,  and  a  Collection  ot 
Useiul  Receipts.  By  Ellis  A.  Davidson.  Fourth  Edition.  With 
Coloured  Plates.   5s.  cloth  limp  ;  6s.  cloth  boards. 

189.  The  Rudiments  of  Practical  Bricklaying.  In 

Six  Sections:  General  Principles;  Arch  Drawing,  Cutting  and 
betting;  Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plaster- 
ing; Practical  Geometry,  Mensuration,  &c.  By  Adam  Hammond. 
J? itth  Edition.    IS.  6rf.  [Just  published. 

191.  Plumbing.    A  Text-Book  to  the  Practice  of  the 

Art  or  Craft  of  the  Plumber.  With  Chapters  upon  House  Drainage, 
fourth  Edition.  With  330  Illustrations.  By  W.  P.  Buchan. 
3S.  6d.l 

192.  The  Timber  Importer's,  Timber  Merchant's,  and 

Builder's  Standard  Guide.  By  Richard  E.  Grandy.  Second 
Edition,  Revised.    3s. J 

206.  A  Book  on  Building,  Ciuil  and  Ecclesiastical, 

including  Church  Restoration.  With  the  Theory  of  Domes  and 
the  Great  Pyramid,  &c.  By  Sir  Edmund  Beckett,  Bart.,  LL.D., 
Q.C.,  F.R.A.S.  4S.6d.l 

226.  The  Joints  Made  and  Used  by  Builders  in  the 

Construction  of  various  kinds  of  Engineering  and  Architectural 
Works.  By  Wyvill  J.  Christy,  Architect,  With  upwards  of  160 
Engravings  on  Wood.    3s.  J 

228.  The  Construction  of  Roofs  of  Wood  and  Iron. 

By  E.  Wyndham  Tarn,  M.A.,  Architect.  Second  Edition,  Revised. 
IS.  6d. 
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229.  Elementary  Decoration :  As  applied  to  the  In- 

terior and  Exterior  Decoration  of  Dwelling-Houses,  &c.  By 
James  W.  Facey.  Illustrated  with  Sixty-eight  Explanatory  En- 
gravings. 2S. 

257.  Practical  House  Decoration  :  A  Guide  to  the 

Art  of  Ornamental  Painting,  the  Arrangement  of  Colours  in  Apart- 
ments and  the  Principles  of  Decorative  Design,  &c.  With 
numerous  Illustrations.    zs.6d.  [just  published. 

Nos.  229  and  257  in  One  handsome  Vol.,  half-bound,  entitled  "  House 
Decoration,  Elementary  and  Practical,"  ^rice  5s. 

230.  Hand  railing.    By  George  Collings.  With  Plates 

and  Diagrams,    is.  6rf. 

247.  Building  Estates :  A  Rudimentary  Treatise  on  the 

Development,  Sale,  Purchase,  and  General  Management  of  Build- 
ing Land.   By  Fowler  Maitland,  Surveyor.    Illustrated.  2S. 

248.  Portland  Cement  for  Users.    By  Henry  Faija, 

Assoc.  M.  Inst.  C.E.    Second  Edition,  corrected.  Illustrated.  2S. 

252.  Brickwork:  A  Practical  Treatise,  embodying  the 

General  and  H  igher  Principles  of  Bricklaying,  Cutting  and  Setting, 
&c.  By  F,  Walker.  Second  Edition,  Revised  and  Enlarged. 
IS.  6d.  [Jwsf  published. 

23.  The  Practical  Brick  and  Tile  Book.  Comprising : 

i8q.       Brick  and  Tile  Making,  by  E.  Dobson,  A.I.C.E. ;  Practical 
Bricklaying,  by  A.  Hammond;    Brickwork,  by  F.  Walker. 

252.  550  pp.,  with  270  Illustrations.   6s.    Strongly  half-bound. 

[Just  published. 

253.  The  Timber  Merchant's,  Saw-Miller's,  and  im- 

porter's Freight-Book  and  Assistant.  By  Wm.  Richardson.  With 
a  Chapter  on  Speeds  of  Saw-Mill  Machinery,  &c.  By  M.  Powis 
Bale,  A.M.Inst.C.E.,  and  a  London  Price  Listlor  Timber  and  Deal 
Sawing,  &c.,  1884.    3s.  J 

258.  Circular  Work  in  Carpentry  and  Joinery :  A 

Practical  Treatise  on  Circular  Work  of  Single  and  Double  Cur- 
vature. By  George  Collings,  Author  of  "  Handrailing,"  &c. 
With  numerous  Diagrams.   zs.6d.  [Just  published. 

259.  Gas  Fitting  :  A  Practical  Handbook,  treating  of 

every  Description  of  Gas  Laying  and  Fitting.  By  John  Black. 
With  upwards  of  120  Illustrations.   2s.  6d,  [Just  publisfied. 


NAVAL  ARCHITECTURE,  NAVIGATION,  etc. 

51,  Naual   Architecture.    An  Exposition  of  the 

Elementary  Principles  of  the  Science,  and  their  Practical  Applica- 
tion to  Naval  Construction.    By  J.  Peake.    Fifth  Edition.  3s.  6d.l 

S3*. Ships  for  Ocean  and  Riuer  Service,  Elementary 

and  Practical  Principles  of  the  Construction  of.  By  H.  A.  Sommer- 
feldt.  Surveyor  of  the  Royal  Norwegian  Navy.   is.  6d. 

53**. An  Atlas  of  Engravings  to  Illustrate  the  above. 

Twelve  large  Folding  Plates.   Royal  4to,  cloth,  7s.  6d. 
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Naval  Architecture,  Navigation,  ^tc,  continued. 

54.  Masting,  l\/last-l\/laliing,  and  Rigging  of  Ships, 

Rudimentary  Treatise  on.  Also  Tables  of  Spars,  Rigging,  Blocks  ; 
.iiain,  Vk'ire  and  Hemp  Ropes,  relative  to  every  class  of- Vessels. 
By  Robert  Kipping,  N.A.    Fifteenth  Edition.    Illustrated.  is.X 

S4*.lron  Ship-Building.  With  Practical  Examples  and 

Details  for  the  Use  of  Ship  Owners  and  Ship  Builders.    By  John 
•.t'^J?^.'^.-  Consulting  Engineer  and  Naval  Architect,  slh  Edition, 
with  Additions.  4s. 

55-  The  Sailor's  Sea  Book:  A  Rudimentary  Treatise 

on  Navigation.  By  James  Greenwood,  B.A.  With  numerous 
^j,°LT  'A'^  ^"'^  P'^'es.    New  and  Enlarged  Edition.  By 

W.  H.  RossER.    2s.  6d.l 

80.  Marine  Engines  and  Steam  Vessels.  By  Robert 

Murray,  C.E  ,  Principal  Officer  to  the  Board  of  Trade  for  the 
tast  Coast  of  Scotland  District.  Eighth  Edition,  thoroughly 
Revised,  with  Additions  by  the  Author  and  by  George  Carlisle, 
C.E.,  Senior  Surveyor  to  the  Board  of  Trade,  Liverpcol.  4s.  6d. 
hmp  ;  5s.  cloth  boards.  [j^,,t  published. 

^Sf'^s.The  Forms  of  Ships  and  Boats :  Hints,  Experi- 
mentally penved,  on  some  of  the  Principles  regulating  Shipbuild- 
ing. By  W  Bland.  Seventh  Edition,  revised,  with  numerous  Illus- 
trations and  Models,  is.  6rf. 

99-  Navigation  and  Nautical  Astronomy,  in  Theory 

and  Practice.    By  Prof.  J.  R.  Young.    New  Edition.   2S.  6d. 

ic6.  Ships'  Anchors,  a  Treatise  on.    By  G.  Cotsell, 

N.A.    IS.  6s.  ^ 

149-  Sails  and  Sail  Making,  an  Elementary  Treatise 

on.  With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  Also 
Weights  and  Sizes  of  Ropes;  Masting,  Rigging,  and  Sails  of  Steam 
V  essels,  &c.,  &c.  Eleventh  Edition.  By  Robert  Kipping,  N.A.. 
Saihnaker.    Illustrated,  2s.  6rf.t 

155-  The  Engineer's  Guide  to  the  Royal  and  Mercan- 

I'/f^^'*""^-  ^  Practical  Engineer.     Revised  by  D.  F. 

M  Carthy.  3s. 

55-  Practical  Navigation.    Consisting  of  The  Sailor's 

o        Sea  Book,  by  James  Greenwood  and  W.  H.  Rqsser,  together 
«-       with  the  requisite  Mathematical  and  Nautical  Tables  for  the  Work- 
204.       ingof  the  Problems,  by  Henry  Law,  C.E.,  and  Professor  J.  R. 
^        Young.    With  numerous  Wood  Engravings  and  Coloured  Plates. 
7s.    Strongly  half-bound. 
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61*.  A  Complete  Ready  Reckoner  for  the  Admeasure- 
ment oj  Land,  &c.  By  A.  Arman.  Second  Edition,  Revised  and 
Extended  by  C.  Norris,  Surveyor,  Valuer,  &c.  2s. 

131.  Miller's,  Corn  Merchant's,  and  Farmer's  Ready 

Reckoner.  Second  Edition.'with  a  Price  List  of  Modern  Flour-Mill 
Machmery,  by  W.  S.  Hutton,  C.E.    2s.  [Just  published. 
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140.  Soils,  Manures,  and  Crops.    (Vol.  I.  Outlines 

OF  Modern  Farming.)   By  R.  Scott  Burn.   Woodcuts.  2s. 

141-  Farming  and  Farming  Economy,  Notes,  Histori- 
cal and  Practical,  on.  (Vol,  II.  Outlines  of  Modern  Farming.) 
By  R.  Scott  Burn.  3s. 

142.  Stocfi :  Cattle,  Sheep  and  Horses.    (Vol.  III. 

Outlines  of  Modern  Farming.)  By  R.  Scott  Burn.  Woodcuts 
2S.  6d. 

145-  Dairy,  Pigs,  and  Poultry,  Management  of  the. 

By  R.  Scott  Burn.  With  Notes  on  the  Diseases  of  Stock.  (Vol. 
IV.  Outlines  of  Modern  Farming.)   Woodcuts.  2S. 

146.  Utilization  of  Sewage,  Irrigation,  and  Reclam- 
ation of  Waste  Land.    (Vol.  V.  Outlines  of  Modern  Farming.) 
By  R.  Scott  Burn.   Woodcuts.    2s.  6d. 
•.v.*  N OS.  140-1-2-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  "Out- 
lines of  Modern  Farming."    By  Robert  Scott  Burn.   Price  12s. 

iTJ.  Fruit  Trees,  the  Scientific  and  Profitable  Culture 

of.  From  the  French  of  Du  Breuil.  Revised  by  Geo.  Glennv. 
187  Woodcuts.  3s.6d.l 

198.  Sheep:  The  History,  Structure,  Economy,  and 

Diseases  of.  By  W.  C.  Spooner,  M.R.V.C.,  &c.  Fourth  Edition, 
Enlarged,  Including  Specimens  of  New  and  Improved  Breeds! 
3s.  6d.t 

201.  Kitchen  Gardening  made  Easy.    By  George  M. 

F.  Glenny.    Illustrated,    is.  6d.l 

207.  Outlines  of  Farm  Management,  and  the  Organ- 

isation of  Farm  Labour.  Treating  of  the  General  Work  of  the 
Farm;  Field  and  Live  Stock;  Contract  Work;  Labour,  &c.  By 
R.  ScoTT  Burn.  2s.6d.l 

208.  Outlines  of  Landed  Estates  Management :  Treat- 

ing of  the  Varieties  of  Lands,  Methods  of  Farming,  Farm  Buildings 
Irrigation,  Drainage,  &c.    By  R.  Scott  Burn.    2s.  6d.t  ' 
Nos.  207  and  208,  in  One  Vol.,  handsomely  half-bound,  entitled  "  Out- 
lines of  Landed  Estates  and  Farm  Management."   By  R,  Scott  Burn. 
Price  6s. 

209.  The  Tree  Planter  and  Plant  Propagator.  A 

Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees 
Flowering  Shrubs,  Flowering  Plants,  &c.  By  Samuel  Wood. 
2S.{ 

210.  The  Tree  Pruner :  A  Practical  Manual  on  the 

Pruning  of  Fruit  Trees,  including  also  their  Training  and  Renova- 
tion ;  also  the  Pruning  of  Shrubs,  Climbers,  and  Flowering  Plants 
By  Samuel  Wood.  2s.X 
Nos.  209  and  210,  in  One  Vol.,  handsomely  half-bound,  entitled  "The 
Tree  Planter,  Propagator,  and  Pruner.   By  Samuel  Wood.  Price  5s. 

218  The  Hay  and  Straw  Measurer:   Being  New 

.  Tables  for  the  use  of  Auctioneers,  Valuers,  Farmers,  Hay  and 
Straw  Dealers,  &c.   By  John  Steele.   Fourth  Edition  zs. 
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22  2.  Suburban  Farming.  The  Laying-out  and  Culti- 
vation of  Farms,  adapted  to  the  Produce  of  Milk,  Butter,  and 
Cheese,  Eggs,  Poultry  and  Pigs.  By  Prof.  John  Donaldson  and 
R.  Scott  IJurn.   3s.  6d.t 

231.  The  Art  of  Grafting  and  Budding.    By  Charles 

Baltet.    With  Illustrations.    2S.  6cl4 

232.  Cottage  Gardening;    or,  Flowers,  Fruits,  and 

Vegetables  for  Small  Gardens,    By  E.  Hobday,    is.  6d. 

233.  Garden  Receipts.    Edited  by  Charles  W.  Quin. 

IS.  6d. 

234.  The  Kitchen  and  IVIarket  Garden.    Compiled  by 

C.  W.  Shaw,  Editor  of  "Gardening  Illustrated."  35.4; 

239.  Draining  and  Embanfiing.    A  Practical  Treatise 

embodynig  the  most  Recent  Experience  in  the  Application  of  Im- 
proved Methods.  By  John  Scott,  late  Professor  of  Agriculture 
and  Rural  Economy  at  the  Royal  Agricultural  College,  Cirencester. 
With  68  Illustrations,    is.  6d. 

240.  Irrigation  and  Water  Supply.    A  Treatise  on 

Water  Meadows,  Sewage  Irrigation,  Warping,  &c. ;  on  the  Con- 
struction of  Wells,  Ponds,  and  Reservoirs ;  and  on  Raising  Water 
by  Machinery  for  Agricultural  and  Domestic  Purposes.  By  Prof. 
John  Scott.    With  34  Illustrations,    is.  6d. 

241.  Farm  Roads,  Fences,  and  Gates.    A  Practical 

Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the  Farm  ; 
the  Principles  of  Enclosures  ;  and  the  different  kinds  of  Fences, 
Gates,  and  Stiles.  By  Professor  John  Scott.  With  75  Illusts. 
IS.  6d, 

242.  Farm  Bui/dings.     A  Practical  Treatise  on  the 

Buildings  necessary  for  various  kinds  of  Farms,  their  Arrangement 
and  Construction,  including  Plans  and  Estimates.  By  Prof.  John 
Scott.   With  105  Illustrations.  2S. 

243.  Barn  Implements  and  Machines.     A  Practical 

Treatise  on  the  Application  of  Power  to  the  Operations  of  Agricul- 
ture ;  and  on  various  Machines  used  in  the  Threshing-barn,  in 
the  Stock-yard,  and  in  the  Dairy,  &c.  By  Prof.  J.  Scott.  With 
123  Illustrations.  2S. 

244.  Field  Implements  and  Machines.    A  Practical 

Treatise  on  the  Varieties  now  in  use,  with  Principles  and  Details 
of  Construction,  their  Points  of  Excellence,  and  Management.  By 
Prof.  John  Scott.    With  138  Illustrations.  2S. 

245.  Agricultural  Surveying.    A  Practical  Treatise  on 

Land  Surveying,  Levelling  and  Setting-out ;  and  on  Measuring  and 
Estimating  Quantities,  Weights,  and  Values  of  Materials,  Produce, 
Stock,  &c.    By  Prof.  John  Scott.    With  62  Illustrations,    is.  61^. 
*i*  Nos.  239  to  24s,  in  One  Vol.,  handsomely  half-bound,  entitled  " The 

Complete  Text-Book  of  Farm  Engineering."  By  Professor  John  Scott. 

Price  I2S. 

250.  Meat  Production.    A  Manual  for  Producers,  Dis- 
tributors, &c.  By  John  Ewart.  zs.Gd.f 
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MATHEMATICS,  ARITHMETIC,  etc. 


32.  Mathematical  Instruments,  A  Treatise  on;  in 

which  their  Construction  and  the  Methods  of  Testing,  Adjusting, 
and  Using  them  are  concisely  Explained.  By  J.  F.  Heather, 
M.A.,  of  the  Royal  Military  Academy,  Woolwich.  Original  Edition, 
m  One  Vol.,  Illustrated,  is.  6d. 
V  ordering  the  above,  be  careful  to  say  "  Original  Edition  "  (No.  32),  to  dis- 
tinguish it  from  the  Enlarged  Edition,  in  Three  Vols.  (Nos.  168-9-70). 

76.  Descriptiue  Geometry,  an  Elementary  Treatise 

on.  With  a  Theory  of  Shadows  and  of  Perspective,  extracted  from 
the  French  of  G.  Monge.  To  which  is  added  a  Description  of  the 
Principles  and  Practice  of  Isometrical  Projection.  By  T.  F. 
Heather,  M.A.    With  14  Plates.  2S. 

178.  Practical  Plane  Geometry:  Giving  the  Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geo- 
metrical Construction  of  the  Ground.  By  J.  F.  Heather,  M  A. 
With  215  Woodcuts.  2S. 

83.  Commercial  Book-keeping.     With  Commercial 

Phrases  and  Forms  in  English,  French,  Italian,  and  German.  By 
James  Haddon,  M.A.,  Arithmetical  Master  of  King's  College  School, 
London,    is.  td. 

84.  Arithmetic,  A  Rudimentary  Treatise  on.  With  full 

Explanations  of  its  Theoretical  Principles,  and  numerous  Exam- 
ples for  Practice.  By  Professor  J.  R.  Young.  Tenth  Edition, 
corrected,   is.  6rf. 

84*.  A  Key  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  to- 
gether with  Comments,  Explanations,  and  Improved  Processes,  for 
the  Use  of  Teachers  and  Unassisted  Learners.  By  T.  R.  Young. 
IS.  6d. 

85.  Equational  Arithmetic,  Applied  to  Questions  of 

Interest,  Annuities,  Life  Assurance,  and  General  Commerce.  With 
various  Tables  by  which  all  Calculations  may  be  greatly  Facilitated 
By  W.  Hipsley.  2s. 

86.  Algebra,  The  Elements  of.    By  James  Haddon, 

M.A.  With  Appendix,  containing  miscellaneous  Investigations, 
and  a  Collection  of  Problems  in  various  parts  of  Algebra,  as. 

86'.  A  Keyand  Companion  to  the  above  Book,  forming  an  extensive  Re- 
pository of  Solved  Examples  and  Problems  in  Illustration  of  the 
various  Expedients  necessary  in  Algebraical  Operations.  By  J.  R. 
Young,    is.  6d. 

88.  Euclid,  The  Elements  of.   With  many  additional 

gq.      Propositions  and  Explanatory  Notes.  To  which  is  prefixed  an  In- 
^        troductory  Essay  on  Logic.    By  Henry  Law,  C.E.   2S.  6d.t 

\*  Sold  also  separately,  viz,: — 

88,  Euclid.   The  First  Three  Books.    By  Henry  Law,  C.E    is.  6d. 

89,  Euclid.   Books  4,  5,  6,  ii,  i2.   By  Henry  Law,  C.E.   is.  6rf. 

90,  Analytical  Geometry  and  Conic  Sections..  By 

James  Hann.   A  New  Edition,  by  Professor  J.  R.  Young.  2s.I 
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Mathematics,  Arithmetic,  etc.,  continued. 

91.  Plane  Trigonometry,  The  Elements  of.  By  James 

Hann,  formerly  Mathematical  Master  of  King's  College,  London. 
IS.  C(/. 

92.  Spherical  Trigonometry,  The  Elements  of.  By 

James  Hann.    Revised  by  Charles  H.  Dowling,  C.E.  is. 
"'v'-^  Or  with  "  The  Elements  of  Plane  Trigonometry,"  in  One  Volume,  2S.  Hd, 

93.  Mensuration  and  Measuring  :  With  the  Mensura- 

tion and  Levelling  ot  Land  for  the  Purposes  of  Modern  Engineer- 
ing. By  T.  15AKEK,  C.E.  New  Edition,  by  E.  Nugent,  C.E. 
Illustrated,    is.  6d. 

1 01.  Differential  Calculus,  Elements  of  the.  By  W.  S.  B. 

WooLHOusE,  F.R.A.S.,  &c.    IS.  6d. 

102.  Integral  Calculus,  Rudimentary  Treatise  on  the. 

By  HoMERSHAM  Cox,  B  A.    Illustrated,  is. 

105.  Mnemonical  Lessons.  —Geometry,  Algebra,  and 

TRiGOiNOMETRY,  in  Easy  Mnemonical  Lessons.  By  the  Rev.  Thomas 

PENyNGTON  KiKKMAN,  M.A.     IS.  6d. 

136.  Arithmetic,  Rudimentary:  For  the  use  of  Schools 

and  Self-Instruction.  By  James  Haddon,  M.A.  Revised  by  A. 
Arman.    is.  6d. 

137.  .A  Key  TO  Haddon's  Rudimentary  Arithmetic.  By  A.  Arman.  is.6rf. 

168.  Drawing  and  Measuring  Instruments.  Including 

-—I.  Instruments  employed  in  Geometrical  and  Mechanical  Draw- 
ing, and  in  the  Construction,  Copying,  and  Measurement  of  Maps 
and  Plans.  II.  Instruments  used  for  the  purposes  of  Accurate 
Measurement  and  for  Arithmetical  Computations.  By  J.  F. 
Heather,  M.A.    Illustrated,    is.  6d. 

169.  Optical  Instruments.  Including  (more  especially) 

Telescopes,  Microscopes,  and  Apparatus  for  Producing  Copies  ot 
Maps  and  Plans  by  Photography.  By  J.  F.  Heather,  M.A.  Illus- 
trated.   IS.  td. 

170.  Surveying  and  Astronomical  Instruments.  In- 

cluding—i.  Instruments  used  for  Determining  the  Geometrical 
Features  of  a  Portion  of  Ground.  II.  Instruments  employed  in 
Astronomical  Observations.  By  J.  F.  Heather,  M.A.  lUust.  is.  6(/. 

The  above  three  volumes  fortn  an  enlargement  of  the  Author's  original  work, 
Mathematical  Instruments."    {See  No.  ^2  in  the  Series.) 

168.  Mathematical  Instruments.    By  J.  F.  Heather, 

jgQ  M.A.  Enlarged  Edition,  for  the  most  part  entirely  Re-written.  The 

y*  Three  Parts  as  above  in  One  thick  Volume.  With  numerous  Illus- 

170.  trations.    4s.  Gd.t 

158.  The  Slide  Rule,  and  How  to  Use  it :  Containing 

full,  easy,  and  simple  Instructions  to  Perform  all  Business  Calcula- 
tions with  unexampled  Rapidity  and  Accuracy.  By  CiiAp.r.Es 
Hoare,  C.E.  Fifth  Edition.  With  a  Slide  Rule  in  tuck  cf  coVer 
2S.  M.X 
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196.  Theory  of  Compound  Interest  and  Annuities: 

With  Tables  of  Logarithms  for  the  more  difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.   By  Fedor  ThomanT  454 

199-  Tfie  Compendious  Calculator;  or,  Easy  and  Con- 
cise Methods  of  Performing  the  [various  Arithmetical  Operations 
required  in  Commercial  and  Business  Transactions  ;  together  with 
Useful  Tables  By  D.  O'Gorman.  Twenty-sixth  EdftionT  care- 
fully  Revised  by  C.  Norris.  3s.,  cloth  limp  ;  3s.  6d.,  strongly  half- 
bound  in  leather.  &  j  • 

204.  Mathematical  Tables:  For  Trigonometrical,  Astro- 

nomical,  and  Nautical  Calculations  :  To  which  is  Prefixed  a  Treatise 
on  Logarithms.    By  Henry  Law,  C.E.   Together  with  a  Series  of 
Tables  for  Navigation  and  Nautical  Astronomy,  By  Professor  T  R 
Young.   New  Edition.  4S.I 

20/^"^. Logarithms :  With  Mathematical  Tables  for  Trigo- 
nometrical, Astronomical,  and  Nautical  Calculations.  By  Henry 
u  ?  ^  ^^"^       Revised  Edition  (forming  part  of  the 

above  Work).   3s.  a  r  ^ 

221.  Measures,  Weights,  and  Moneys  of  all  Nations 

and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calen- 
dars.  By  W.  S.  B.  WooLHousE,  F.R.A.S,,  F.S.S.  Sixth  Ed.  2s.t 

227.  Mathematics  as  applied  to  the  Constructive  Arts. 

Illustrating  the  various  processes  of  Mathematical  Investigation, 
by  means  of  Arithmetical  and  Simple  Algebraical  Equations  and 
Practical  Examples.   By  Francis  Campin,  C.E.   Second  Ed.  3s: 


PHYSICAL  SCIENCE,  NATURAL  PHILO- 
SOPHY, etc. 

1 .  Chemistry.  By  Professor  George  Fownes,  F.R.S. 

t^re^  IS  '^PP^"'^'''  °°       Application  of  Chemistry  to  Agricul- 

2.  Natural  Philosophy,  Introduction  to  the  Study  of. 

By  C.  ToMLiNSON.    Woodcuts,    is.  6d. 

6.  Mechanics,  Rudimentary  Treatise  on.  By  Charles 

Tomlinson.   Illustrated,    is.  6d. 

7.  Electricity:  Showing  the  General  Principles  of 

oi^''^^i'=^,LScience,  and  the  purposes  to  which  it  has  been  applied. 
lfBiNE,aE.fF.S:A."'""''  With  Additions  ^b^y  R. 

T.*Galuanism.    By  Sir  W.  Snow  Harris.  New  Edi- 
tion, by  Robert  Sabine,  C.E.,  F.S.A.   is.  6d. 

S.  Magnetism  :  Being  a  Concise  Exposition  of  the 

General  Principles  _  of  Magnetical  Science.  By  Sir  W.  Snow 
Woodcuts    3l6rf.?°°'  ^"^^'"'^  ^^'^^   With  1C5 

D 
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Physical  Science,  etc.,  continued. 

I.  T/ie  Electric  Telegraph :  Its  History  and  Pro- 
gress ;  with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabike, 
C.E.,  F.S.A.  3S. 

12.  Pneumatics,   for  the  Use  of  Beginners.  By 

Charles  Tomlinson.   Illustrated,   is.  6d. 

72.  Manual  of  the  Mollusca  :  A  Treatise  on  Recent 

and  Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S.  Fourth 
Edition.  With  Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.  With 
numerous  Plates  and  300  Woodcuts.   6s.  6d.\  cloth  boards,  7s.  6i. 

96.  Astronomy.    By  the  late  Rev.  Robert  Main, 

M.A.  Third  Edition,  by  William  Thynne  Lynn,  B. A.,  F.R. A.  S.  2S. 

97.  Statics  and  Dynamics,  the  Principles  and  Practice 

of;  embracing  also  a  clear  development  of  Hydrostatics,  Hydro- 
dynamics, and  Central  Forces.   By  T.  Baker,  C.E.   is.  6d. 

138.  Telegraph,  Handbook  of  the  :  A  Guide  to  Candi- 
dates for  Employment  in  the  Telegraph  Service.  By  R.  Bond. 
Fourth  Edition.  Including  Questions  on  Magnetism,  Electricity, 
and  Practical  Telegraphy,  by  W.  McGregor.   3s.  J 

173.  Physical  Geology,  partly  based  on  Major-General 

Portlock's  "  Rudiments  of  Geology."  By  Ralph  Tate,  A.L.S. , 
&c.    Woodcuts.  2S. 

174.  Historical  Geology,  partly  based  on  Major-General 

Portlock's  "  Rudiments."  By  Ralph  Tate,  A.L.S.,  &c.  Wood- 
cuts,  zs.  6d. 

173  Rudimentary  Treatise  on  Geology,  Physical  and 

&         Historical.    Partly  based  on  Major-General  Portlock's  "  Rudi- 
T  »,  ^        ments  of  Geology."   By  Ralph  Tate,  A.L. S.,  F.G.S.,  &c.   In  One 
Volume,  4S.  6i.t 

183.  Animal  Physics,  Ha-ndhookof.  By  Dr.  Lardner, 

&         D.C.L.,  formerly  Professor  of  Natural  Philosophy  and  Astronomy 
■fQji        in  University  College,  Lond.   With  520  Illustrations.    In  One  Vol. 
7s.  6d.,  cloth  boards. 

*f*  Sold  also  in  Two  Parts,  as  follows  : — 
183    Animal  Physics.   By  Dr.  Lardner.   Part  I.,  Chapters  I.-VII.  4s. 
184.   Animal  Physics.   By  Dr.  Lardner.   Part  IL.Chapters  VIII-XVIII. 
3S- 


FINE  ARTS. 


20.  Perspective  for  Beginners.    Adapted  to  Young 

Students  and  Amateurs  in  Architecture,  Painting,  &c.  By  George 
Pyne.  2S. 

40.  Glass  Staining,  and  the  Art  of  Painting  on  Glass. 

From  the  German  of  Dr.  Gessert  and  Emanuel  Otto  Fromberg 
With  an  Appendix  on  The  Art  of  Enamelling.   2s.  6d. 

69.  Music,  A  Rudimentary  and  Practical  Treatise  on. 

With  numerous  Examples.   By  Charles  Child  Spencer. 
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Fine  Arts,  continued. 

71.  Pianoforte,  The  Art  of  Playing  the.  With  numerous 

Exercises  and  Lessons  from  the  Best  Masters.  By  Charles 
Child  Spencer,   is.  6d. 

^9-71.  Music  and  the  Pianoforte.    In  One  Vol.  Half 

bound,  5s. 

181.  Painting  popularly  Explained,  including  Fresco, 

Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic, 
Miniature,  Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c. 
With  Historical  Sketches  of  the  Progress  of  the  Art.  By  Thomas 
John  Gullick,  Assisted  by  John  Times,  F.S.A.  Fifth  Edition, 
revised  and  enlarged.   5s. I 

186.  A  Grammar  of  Colouring,  applied  to  Decorative 

Painting  and  the  Arts.  By  George  Field.  New  Edition,  en- 
larged and  adapted  to  the  Use  of  the  Ornamental  Painter  and 
Designer.  By  Ellis  A.  Davidson.  With  Two  new  Coloured  Dia- 
grams, &c,  ss.I 

246.  A  Dictionary  of  Painters,  and  Handbook  for 

Picture  Amateurs;  including  Methods  of  Painting,  Cleaning,  Re- 
lining  and  Restoring,  Schools  of  Painting,  &c.  With  Notes  on  the 
Copyists  and  Imitators  of  each  Master.    By  P.  Daryl.   2S.  6rf.t 


INDUSTRIAL  AND  USEFUL  ARTS. 


23.  BricliS  and  Tiles,  Rudimentary  Treatise  on  the 

Manufacture  of.    By  E.  Dobson,  M.R.I.B.A.   Illustrated,  3S.J 

67.  ClocliS,    Watches,  and  Bells,  A  Rudimentary 

Treatise  on.  By  Sir  Edmund  Beckett,  LL.D.,  Q.C.  Seventh 
Edition,  revised  and  enlarged.   4s.  6d.  limp ;  5s.  6rf.  cloth  boards. 

Zt**. Construction  of  Door  Looks.    Compiled  from  the 

Papers  of  A.  C.  Hobbs,  and  Edited  by  Charles  Tomlinson,  F.R.S. 
With  Additions  by  Robert  Mallet,  M.I.C.E.    Illust.   2S.  6d. 

162.  The  Brass  Founder's  Manual :  Instructions  for 

Modelling,  Pattern-Making,  Moulding,  Turning,  Filing,  Burnish- 
ing, Bronzing,  &c.  With  copious  Receipts,  &c.  By  Walter  Gra- 
ham. 2S.X 

205.  The  Art  of  Letter  Painting  made  Easy.  By 

J.  G.  Badenoch.   With  12  full-page  Engravings  of  Examples,  is. 

215.  The  Goldsmith 's  Handbook,  containing  full  Instruc- 
tions, for  the  Alloying  and  Working  of  Gold.   By  G.  E.  Gee.   3s,  t 

225.  The  Silversmith's  Handbook,  containing  full  In- 
structions for  the  Alloying  and  Working  of  Silver.  By  George  E. 
Gee.  3S.I 

The  two  preceding  Works,  in  One  handsome  Vol.,  half-bound,  entitled, 
'  The  Goldsmith's  and  Silversmith's  Complete  Handbook,"  ys. 

[Just  published. 

224.  Coach  Building,  A  Practical  Treatise,  Historical 

and  Descriptive.    By  J.  W.  Burgess.    2s.  6d.t 
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Industrial  and  Useful  Arts,  continued. 

235.  Practical  Organ  Building.    By  Wr  E.  Dickson, 

M.A.,  Precentor  of  Ely  Cathedral.  Illustrated.   2s.  6d.l 

249.  The  Hall-H/farking  of  Jewellery  Practically  Con- 
sidered. By  George  E  Gee,  354 


MISCELLANEOUS  VOLUMES. 


36.  A  Dictionary  of  Terms  used  in  Architecture, 

Building,  Engineering,  Mining,  Metallurgy,  Archaeology,  the  Fine 
Arts,  &c.  By  John  Weale.  Fifth  Edition.  Revised  by  Robert 
Hunt,  F.R.S.   Illustrated.   5s.  limp  ;  6s.  cloth  boards. 

50.  The  Law  of  Contracts  for  Works  and  Seruioes. 

By  David  Gibbons.   Third  Edition,  enlarged.   3s. t 

112.  Manual  of  Domestic  Medicine.    By  R.  Gooding, 

B.A.,  M.D.  Intended  as  a  Family  Guide  in  all  Cases  of  Accident 
and  Emergency.   Third  Edition.  zs.X 

112*. Management  of  Health.     A  Manual  of  Home 

and  Personal  Hygiene.    By  the  Rev.  James  Baird,  B.A.  is. 

150.  Z.ogf/c,  Pure  and  Applied.  By  S.  H.  Emmens.  is.6d. 

153.  Selections  from  Locke's  Essays  on  the  Human 

Understanding.   With  Notes  by  S.  H.  Emmens.  2s. 

154.  General  Hints  to  Emigrants.    Notices  of  the 

various  Fields  for  Emigration,  Hints  on  Outfits,  Useful  Recipes, 
&c.  2S. 

157.  The  Emigrant's  Guide  to  Natal.    By  Robert 

James  Mann,  F.R.A.S.,  F.M.S.   Second  Edition.   Map.  as. 

193.  Handbook  of  Field  Fortification,  intended  for  the 

Guidance  of  Officers  preparing  for  Promotion.  By  Major  W.  W. 
Knollys,  F.R.G.S.    With  163  Woodcuts.  3S.t 

194.  The  House  Manager:  Being  a  Guide  to  House- 

keeping, Practical  Cookery,  Pickling  and  Preserving,  Household 
Worlf,  Dairy  Management,  the  Table  and  Dessert,  Cellarage  of 
Wines,  Home-brewing  and  Wine-making,  the  Boudoir  and  Dress- 
ing-room, Travelling,  Stable  Economy,  Gardening  Operations,  &c. 
By  an  Old  Hol'sekeeper.   3s.  6d.l 

194.  The  House  Book.     Comprising  :  I.  The  House 

112.  Manager.  By  an  Old  Housekeeper.  II.  Domestic  Medicine. 
and  By  Ralph  Gooding,  M.D.  III.  Management  of  Health.  By 
112.*     James  Baird.   In  One  Vol.,  strongly  half-bound,  6s. 
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